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ADVERTISEMENT. 



The Committf c <ip(>ointed by tlic Rotfai Society to direct the publiration of tlie 
Philosophical Trmsacfifms, take this opportunity to acquaint the Public, that it fully 
appears, as well from the Council-books and Journals of the Society, as from repeated 
declarations which have been made in several former Tramactinus, that the printmjuj 
of them was always, from time to time, tlic single act of the respective Secretaries, 
till the Forty-seventh Volume: the Society, ils a Body, never interesting themselves 
any further in their publication, than by occasionally recommending the revival of 
them to some of their Secretaries, when, from the particular circumstances of their 
affairs, the Tranmctions had liappened for any lenn^th of time to be intermitted. And 
this seems principally to have been done with a view to satisfy the Public, that their 
usual meetings were tlieii continued, for the impr«wenient of knowledge, and benefit 
of mankind, the great ends of their first institution by the Royal Charters, and which 
they have ever since steadily pursued. 

But tfie Society being of late years /greatly enlarged, and their coiuinunications 
more nunjerous, it wlls thought advisable that a Committee of their members should 
be appointed, to reconsider the papers read before them, and select out of them such 
as they should judge most proper for publication in the future Truusacthms ; wliicb 
was accordingly done upon tiie 26th of March 1752. And the grounds of their 
choice are, and will continue to be, the importance and singularity of the subjects, or 
the advantageous manner of treating them ; without pretending to answer for the 
certainty of tlie facts, or propriety of the reasonings, contained in the several papers 
so published, which must still rest on the credit or judgement of their respective 
authors. 

It is likewise necessary on this occasion to remark, that it is an established rule of 
the Society, to which they will always adhere, never to give their opinion, as a Body, 
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upon any subject, either of Nature or Art, that comes before them. And therefore 
the thanks, which are frequently proposed from the Chair, to be given to the auth(»r8 
of such papers as arc read at their accustomed meetings, or to the persons tlii uugrh 
whose hancis thty reeeived them, are to be conisidLted in no other light than u 
mattei- of civihty, in return for the respect shown to the Society by those comtnuni- 
(-ati( ns The like also is to be asdd witii regard to the iieveral projects, inventions, 
and curiosities of various kinds, which are often exhibited to the Society ; the authors 
whereof, or those who exhibit them, fi*equeutly take the lilierty to report and even to 
certify in the public newspapers, that they have met with the highest upi l uise aud 
approlmtion. And therefore it is hoped that no regard will hereafter be paid to such 
reports and public notices i which in ^me instances have been too lightly credited, 
to the dishonour of the Society. 




ROYAL M£DALS. 



HIS MAJESTY KING WILLIAM TH£ FOURTH, in restoring the 
FotmdadoD of the Royal Medals, gracioiisly Gomnianded a Letter, of 

which the following is an extract, to be addressed to the Royal Society, 
through His Royal Highness the Duke of Sussex, K,G., Fkesident: 

" Wiodaor Caatle, Much 85, 1S33. 

" It is His M%f esty*8 wisb^^ 

" Fint, That th« Two Gold Medals, value of Fifty GvincM caeh, siiall 
** henceforth be amrded on the day of the Aimivenaiy Meeting of the 
** Royal Sodety, on each ensning year, for the most fanportant discoveries 

hi any one princtpal auhjcet or branch of knowledge. 

" Secondly, That theaubjeet matter of hiqiurydiall be preinously settled 
" and propoonded by the Oovncil of the Royal Society, thm years pre> 
" ceding the day of sucb award. 

** lliirdly. That LitwaiyMen of all natmna shaD be invited to aflbrd the 

aid of their talents and nneardi: and, 

** Fourthly, That for tiie enaning three Bocceesive yeari, the said Tvo 
** Medala shall be awarded to such important diaooveries, or aeriea of in- 
** vestigations, as shall be sufficiently es t abEshed , or oompleted to the 
** misfoction of l]ieCdiuidl,witiim the last five years <tf the days of award, 
** for llie years 1834 and 1836, including the present year, and for which 
*' the Author ahall not have previously reodved an honorary reward. 

(Signed) **n.TAin4»r 

The Council propose to give one of the Royal Bledals ia the year 1886^ totiiemost 
important unpulilisbed paper bi Astronomy, communieated to tbo Royal Society for 
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insertion in tbeir TraiuactlonSj after tbe present date (Kfoy 13th, 18S3,) and prior to 
the month of Jnne in the year 1836. 

The Cooncil also propose to give one of tbe Royal Medals In the year 1836 to tbe 
most important onpnblished paper in Animal Pbyfltology> oommunicsted to the Royal 
Society for insertion in their Traiuactionsj after the present date (May 13th, 1833 J 
and prior to the month of June hi the year 1886. 

Hie Royal Medals for the year 1833 were awarded to 

Sir JOHN FREDERICK WILLIAM HERSCHEL, K.H. F.R.S., 

for his Paper on the Investigation of the Orbits of Revolving Doulile Stars ; and to 

PaorsssoR AUGUSTE FYRAME DE CANXkOLLE^ of Geneva, Foreign Member 

of the Royal Society, 

for hb Discoveries and Investigations in Vegetable Pbysiolog}'. 

Those for 1884 were awarded to 

JOHN WILLIAM LUBBOCK, Eso., V.P. & Tuas. R.&, 

fur his Papers on the Tides published in tbe Philosophical Transactions ; and to 

CHARLES LYELL, Esq., 
for his Work entitled Principles of Geology " 

The Coundl pn^Mse to give one of the Royal Medals in the year 1887 to the most 
important unpublished paper in Physics, commanicated to the Royal Sodety for 
insertimi in their Tknnsactions, after the present date (November 87th, 18340 
prior to the month of Jnne in that year. 

The Cboneil also {wopose to give one of the Royal Medals in the year 1887 to the 
author of tiie best paper, to be entitled "Contributions towards a System of Geo- 
logical Chronology founded on an exammation <rf fossil remains, and their attendant 
phenomena,** such paper to be communicated to the Royal Sodety after the present 
date (December 1st, 1884,) and prior to the month of June 1837. 
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L Thb Bakbuan Lbcturb. — On the Proqfr a ffradual Hisi»g ^the Land ut eertain 
parts i^Swedm* &f Chahlbb Lybll, Jua. Eiq, F,RJS, 



J.T is now more than one Imnrlrcd years since the Swedish naturalist CKLsnrs cx- 
presbfd ins opinion that ilie waters, nut only of the Baltic, hot of the whole Northern 
Ocean, Were gradually sinking ; and he represented their level as lowetiiig at the rate 
of forty Swedish inchea in a century*. He observed tbat several rocks which not 
long ago were snaken reefs and dangeroos to navigators, had beooine in his time 
above water ; that the sea was constantly leaving dry new tracts of land along its 
borders ; that ancient ports had become inland towns ; and that old fishermen and 
seafaring^ people could testify that at a variety of places, l>oth on the shores of the 
Baltic and the ocean, considerable changt s had taken place within the time of their 
memory, in the form of the coast and dc]}th of the sea. Lastly he appealed to marks 
which had been cnt in the rocks before his time expressly to indicate tiie former level, 
and the waters were observed to have fikllen below these marks. 

This notion of a rhanj^c continTjally in progress in the relative level of land and 
sea was at first \v;irinly controverted, and many facts were adduced to prove that 
there hud not been a general fall of the waters even in the Baltic. It was supposed 
by many that there might have been some error in the observations, as the Baltic, 
though free from tides, is often raised for several days continuondytwo or three feet 
above its standard level by the melting of the snow, or by the prevalence of par^ 
ticular winds $ and it was remarked that the altered form of the coast and the shal- 
lowing of the sea might be ascribed partly to new accpssions of land at points where 
rivers entered, depositing sand and mud, and partly to the drifting of large l)locks 
by ice, which are sometimes stranded and driven up on rocks and low ishmthi so as 
to raise their height. 

PtAYFAiB, In the year 1803, in his " lUastrations of the Huttonian Theory,** de- 

* t hut wed flw Sve^Bb meaure througbout this pftper, for die mIm «f uaifemitj. whai albidiqg to die 
meenmBCQts made hj S^t cdes. The Swedish foot, which is divided into tWtlve inchn. egmi nxf AMilf 
irith our own, being IcM tku oon by three eigbthe of en toob only. 

MDCCCXXXV. B 
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dared that the supposed change of relative level of sea and land in Sweden, which 
appeared to him to be saffidenlly ascertained, might be ascribed to the movement 
of the bnd rather than of the waters. He obBerved> " that in order to depress or 
elevate the absolnte level of the Sett» bf a giTcn quantity, in any one place, we must 
depress or elevate it b^- tlie same quantity over the whole surface of tlie earth; 
whereas no such neressity exists with respect to the elevation or depression of tlie 
land*." The hv'pothesis of the rit^ing of the land, he adds, "agrees well witli the 
UntUmtaik iiieory, which hdds that our eontinents are subject to be acted upon by 
the expannve forces of the mineral regions ; that by these forces th^ have been 
actually raised up, and are sustained by tbcin in their present situation-f-." 

In the year 1807 ^'on Bith, after returning from a tour in Scandinavia, announccti 
his conviction " that the whole country from Frederickshall in Sweden to Abo in 
Finland, and perhaps as &r as St. Petersburgh, was slowly and insensibly rising ;* a 
conclusion to which be appears to have been led principally by information obtained 
from the inhabitants, and in part by the occarrenceof marine sbclli^, of recent species, 
which lie had found at several points on the coast of Norway above tlie level of the sea. 

At several periods since this discussion began respecting? the decline of tlie level of 
the Baltic Sea and German Ocean, marks have been cut on the rocks of exposed cliflOs, 
both of islands and the main hmd, so as to indicate the then existing height of the 
Mraters, the year in which the nnrks were made being at the same time recorded. 
Alt these marics were examined in 1820-21 by the ofhn of the pilotage establisli- 
ment of Sweden, and a report made by them to the Royal Acadeuiy at Stockholm, 
in which they declared, as the result of their meiisurenient, that along the whole coast 
of the northern part of the (iidf of liothuia the water is lower with respect to the land 
than fonnerly s but tfiat the amount of varii^mi, or change of level, has not been 
uniform. At the same time an account was g^vcn in, and published by the Academy, 
of new marks which were made in the same years, 1890-81, to record the kvd of 
the sea observed at the time of the survey. 

Notwithstanding the numerous proofs recorded of the change of level, and the 
high authorities who bad declared in its &vonr, I continued, in common with many 
otliers, to entertain some doubts respecting the reality of the phenomenon, partly 
because I suspected that it might be explained by reference to more ordinaiy causes, 
such as some of those above mentioned, and partly because it appeared to me im- 
probable that such :rreat effects of snlttemmean expansion should take place in 
countries which, iikc Sweden and Norway, have been remarkably free within the 
times of histoiy from Solent earthquakes. The dow, constsnt, and insensible ele- 
vation of a large tract of land, is a process so di^rent from the sudden rising or 
Culling known to have accompanied, in eertain regions, the intermittent action of 
earthquakes and volcanos, that the fact appeared to require more than an ordinary 
weight of evidence for its confirmation. I am willing, however, to confess, after 
• i 393. t * 39S. 
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rcn'cnvintj all the statements published previously to my late tour for and against the 
rtality of tlie change of level in Sweden, that my scepticism appears to h;ive been 
unwarrantable ; but it will not be disputed that too many proofs cannot be accumu- 
lated to aubstantiate so remarlnble a phenomenon. 

I piopoae, therefore, to lay before the Royal Society the observations which I made 
daring the snmmer of 1834, with a view of satisfying myself in regard to the data ap- 
pealed to in support of the ele\ ation of i>r)rt!5 both of the eastern and western shores of 
Sweden. As much of the evidence could only have been derived from personal inter- 
course with the inhabitants, it may be proper to mention that I was accompanied 
throngboot my exeiursion by a well-infonned Swede, Mr. Johnson, who by his thorough 
knowledge of the English language was well qualified to as^ me as interpreter. 

On my way to Sweden I examined the eastern shores of the Danish islands of 
Moen and Seeland ; hut neither there, nor afterwards in Scania, conk! I discover any 
signs of a recent upward movement of the land, nor could I learn that the notion of 
such a change was entertained by the natives. Fkticeeding northwards along the 
coast of the Baltic, the first pkoe which I visited where any devation of land is 
supposed to be going on wa.s Calinar. This port is ^^Ituated in latitude 56'' 41'. To 
the south of the town is the celebrated ancient castle in which was signed, in flu- 
year 1397> the famous treaty of union between Sweden, Denmark, and Norway. The 
castle is supposed to have remained in its present state from a still earlier period. 
There was a fortress on the site so long ago as the year 1030*. Two round4owers 
terminate the outwoilcs of this fortress on the side of the sea ; and when I observed 
that the base of one of these rested on the beadi only two feet above the level of the 
water, and when I found that sea-weed had recently been washed up, so as to touch 
the lo^vest part of the building, I concluded, at first, that for the last four or five 
ceittiiries there could have been no lowering of the Baltic at this place, for otherwise 

we should be compelled to suppose thiU; part 
of the tower bad 1>een originally constructed 
under water. But on nearer inspection I was 
led to suspect that this had really been the 
case, and that the foundation was originally 
Sttbaqneons. At the height of idiout two feet 
above the base of the tower (see sketch, fig. 1 .), 
and four feet above the level of the se<i, apro- 
jeeting band of stone (tt), one foot deep, en- 
circles the tower like a hooj). This projecting 
band is of smooth stuae, and the stones above 
it are laige^ and with an even, dressed snr- 
iiieiMbM^ Ihoe. But below the hovp are many courses 
<tf thin dabs of a different stone (ft), with layers of cement between. It oo- 

* Sm Amuimu'Kll^aik on Cdawr Oud«. 
bS 



Fig. 1. 

Ptrf if mt Ik nmi-imB€r» of CakurCalte. 
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«, tMfie6a$ kwMl or boop of iMiaj b, Uftn oT 
Uhi «f iiiiat mS noM 
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curred to me that these rough slabs and cement may fiave been laid (trigiually 
under water, and that the projecting rim of dressed stone mny have funned tlie 
visible base of the building, which now nnen to tlie heiglit uf ubuut tweuty-ltve feet 
above. This idea is rendered the more probable, as it is Icnown that the castle 
had often defended itself from attacks on the side of the sea. I have sfaice been 
informed by our eminent architect Mr. Wilkins, that it is highly probable, from 
the general analogy of buildings havitig a stihaqueons fotmdation. that the courses 
of slaty stone were laid under water, and that the projecting fuhcia was alone in- 
tended to be seen above the level of the sea. Admitting this conjecture to be well 
founded, it would still prove that there has been a mnch slighter rise of the land 
since this bnildlni,^ M as ( ted, or during the last four centories and upwards, than 
some writers ha\ e inia^^iiu-d, for it eannot have aniotmted to more than four feet in 
that time. Part of the moat on one side of the casth-, which is helievefl to have 
been formerly filled with water from the sea, is now dry, and the bottom covered 
with green turf. It may have been in part silted up with sand and setUment, bat 
a slight rise of the land would have contributed to its desiccation. A garden* 
composed of newly giuned land in the harboar« between the castle and the town, in 
a plaee where there \yd<t sea iudf a century a^o, elearly shows that the deposition of 
scdimentar}' matter may sometimes take place rapidly on this coast. 

From Calmar I went to StockhoUn, where I immediately found many striking 
geological proola of a change in the relative levd of land and sea, since the Baltic 
was inhabited by the same species of Testaceo which it now suppoits. 

The country around Stockholm is in general low, seldom rising to more than 
150 feet above the level of the sea, the fundamental rocks being gneiss and granite, 
which are often quite bare, presenting a surface for the most part smoothed and 
rounded, as if these rocks had formed for a long time the bottom of the sea, and bad 
been worn and almost polished by the continual attrition of sand and pebbles. A 
mass of shingle and sand, here and there passing into loam, occasionally covers the 
rock; but it is rarely of threat thickness, excepting along certain lines, where re- 
niarkahle rids^es of .sand and gravel an; seen, eaMcd in Sweden sand-oa'^ar (asar), the 
term ' oas" in Swedish corresponding to ' rigging' in Scotch, and for wliicli we have 
no precise English synonym. These oasar are immense bonks of sand, from fifty to 
sevetai hundred yards l>road, and from fifty to more than one hundred feet in height, 
which may often he tr:a ed in unbroken lines for a great many leagues through the 
roijiitry, hut are hreuched occasionally by narrow transverse valleys. Tliey usually 
run iu a direction from north to south ; genendly terminate on botli hides in a steep 
slope, and are sometimes so narrow at the top as to leave little more than room for a 
road. As they afford excelleht materials for roatUmaking, a great many of the high- 
ways in Sweden are carried either along the summit or ba.se of these ridges, so that 
the traveller has many opportunities of ohsL-rvin;; their form and structure. In places 
where they are composed of large rounded boulders, of about the size of a man's 
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bead, no stratification is observable ; but where, as is more usaal, they consist of 
gravel and line sand, they are invariably stratified, in the same manner as sand and 
g^vel in the beds of rivers. A g-reat sueceiiiiiou of thin layers repose one upon an- 
other, often ut high inclinations. But tliis disposition can only be seen where there 
is a fresb BecUon made in digging fur gravel, the materials being: so loose as to fall 
down and soon form a sloping talus. 

I shall offer, in another place, some speculations on the probable origin of these 
ridges ; and I have merely alhided to them now in order to explain tlie position of some 
fossil shells which 1 am alioiit to do«cnhe. I had learnt from Professor Nii.sson, of 
Lund, a gentleman well known to geologists by his valuable work on the fossils of 
Scania, that marine shells of species similar to those in the Baltic had been found 
near Stockholm i and soon after my arrival t 'was taken to the spot by Professor 
Bbrzbuus. They occur at Solna, about a mile to the north-west of the city, at the 
foot of one of the great ridges of sand and f,^ravel before mentioned ; a ridge which, 
passing southward, traverses the eity of Stoekholm, and is said to have afforded fossil 
shells in tile large pits at the Skantstull, in the southern suhurl)s. 

Tlie annexed section will show that there i.s little more than space for the road be- 
tween the ridge and the gravel-pits at Solna. 




a, u. Stntified sand and gravel. b, b. Same, with aikelb. 



These pits lie between the church of jSoIna and the public cemetery of Stockholm. 
Both in the pits and in the adjoining ridge the grravel and sand is stratified, and in 
general no orj^anic remains can be discovered in them ; but in the pits, a little helow 
the level of the road, there are some layers of loam mixed with vegetable matter, 
where shdls occur in abundance. They consist principally of Cardium edule and 
TeUimt BaUteOt a great number of which have boUi valves united. Portions of the 
Mytilus eduUs also occur ; and there has evidently been a great accumulation of this 
shell in the stratum, but it is almost entirely decomposed, and is only recognized 
by the violet colour whirh it has imparted to the wliolf nia'^s The other shells which 
I found are, Littorina vrnssinr, also the Common Pen\vini%le [Litturina litforea), and 
a small Palud'ma allied to, if not identical with, our English Paludina ulva (see 
Phite II. fig. 5.). The Mj/tilut and Cardium are all dwarisb in else, just as they 
are found in the bradcish water of the neighbouring Gulf of Bothnia, and the whole 
assemblage of shells is such as characterizes the Baltic. The bed containing them has 
been ascertained by Ck>lonel Hallshiom to be thirty feet above the level of the Baltic; 



Digitized by Google 



8 



MR. LTBLL ON THB PBOOFS Of A GRADUAL RISING OF 



SO that they afford a clear indication of a change in the relative level of that sea to the 
amonnt of thbtjr ftet since its vmttn were inhabited by Ibe existing species of Tettacea. 
On inqniriDg whether any other examples had been observed of similar deposits of 
shells, I was informed by Colonel FIaixstrom that he had discovered them on the 
farm of Oiby, nvnr Brafikyrka, about three milos to the south of Stopkholra. He 
obligingly uccoinpuuicd uic to the spot, where 1 iuuad strata of marl anti sand fill- 
ing the bottom of a valley situated in a bndcen tiaet of ground where the funda- 
mental rock Is gndss. TUs tract of land Intenrenes betweoi Lake Mader and 
the sea. 

The ^Ih II'-- rire ven,' numerous, and arc for the most part iniln'tkled in a peaty soil 
contuiaing fragiuents of wood. The peat has perhaps been derived from seii-weed, 
large accumulations of which I saw recently heaped up in a bay of the Baltic near 
SiSlTiUbocg, intermixed with similar spcdes of shdls. The id^tity of the shdls of 
BrSnkyrka with those of the netghbonting sea was even more complete than at 
Solna ; for in addition to the species before enumerated, I found the Neritina Jlmna- 
f'^fs\ a freshwater shell which lives in abiitulanpe in (he hracki><lt \ent*'rs of the Baltic, 
and which I saw covering the rocks in the s^altiuh water at (iriihii, near Oregrund. 
The Baltic variety is small, and usually black ; but both in the recent and fossil 
individuals it sometimes exhibits its nsnal variety of colours. Some specimens also 
of a land shell (Bulimus /ubricus) occurred with the marine at Draukyrka. 

The height of these shells has Lecn deterniincd by Colonel IIall-strom to be seventy 
Swedish feet above the Baltic ; so that they indicate a fall of the waters, or ratlier a 
rise of the land, to that amouut, since the neighbouring gulf was inhabited by this 
assemblage of TeHaeea, But the most remaritable spot where these Baldc shells 
occur in a fiMsil state is still further to the south, at SSdertelje (see the Map, Plate I.)» 
about sixteen miles south-west of Stockholm, where tlieyare found elevated more than 
- ninety feet above the sea. At Sodertelje a canal was cut in 1819 across a harrier 
of sand, gravel, and elay, which separated Lake Macler from a long narrow inlet or 
frith of the Baltic. The canal is, in fact, carried through tlte bottom of one of those 
valleys so common in this district, of which the sides ooosist of rocks of gndss, and 
the bottom of the same covered by more recent deposits. The accompanying trans* 
mae section (fig. 8.). will eaqilaln this geological structure. 



Pig. a. 




section acn>$i the valley of Sodertelje, thotcing the position of the new depotits in relation to the ynei$». 



The boundary hills of bare rock rise to the height of two hundred feet, the newer for- 
mation being in some places about one hundred feet high, while ou others, as on the 
site <^ the I^ke Maren, there are hollows which sink beneath the level of the sea. 
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la these recent strata of loam, sand, fuid gravel, marine shells have been found at 
various altitudes, as may be seen by Colonel Nobdkwall's paper in tfie Ti-ansactioos 
of tlif Hoyal Academy, where a ^^[lound plan is g'iven oi the canal and tlit -stii rounding 
district, oi part of which 1 subjoin a reduced copy *, I found at the Quarubackcn 
(see diagram, fig. 4.), at the height of about ninety feet above the level of the sea, tiie 
same qiecies of shdis as those at Sobia befinre mentioned, imbedded in a marly clay, 
which derives a viokt colour from the decomposition of the MytUus eduUs. Again, 
the same assemblage of shells may be seen in the. Blabacken, or " blue hiHs," a neigh- 
1)ounng locality, where a bed of marl about three feet deep rests on the gneiss at the 
hcigiit of about one hundred feet above the sea. Here the violet colour of the decom- 
posed Mi/tilus eduUs is so remarkable as to have given a name to the hiU. The shells, 
with the excqition of the Jtfytibt*, are in general very entire. The breadth of the 
86deitelje valley, between the ofiposite botmdaries gneiss, varies from aboot half to 
three quarters of a mile ; and the newer shelly deposit, whidi sometimes constitutes 
a nearly level platform, at the heit-^ht of sixty feet or more above the canal, has 
precisely the appcanmce of the Subapcnninc formations in Italy, or at the base of 
tlie Maritime Alps, where they are seen at inferior elevations, hliing the bottom of 
valleys in the older rocks, or flanking bills of hi^er antiquity and of inclined strati" 
ficataoo* It is only by aid of the diells so exactly oorre^onding to those of the Baltic 
that the geologist can at once dedde on the comparatively modem ori^n of these 
Swedteh strata. 



Fig. 4. 




The distance between the nearest points of Lake Macler and the sea, noM' unitetl 
by the Siidertelje canal, is nearly a mile and a half English, the general line of the 
canal being from uorLh-west to south-east, and the depth of the strata cut through 
varying from fifteen to more than rixfy feet. 

First a oommunication was made whidi united Lake Maekr with the small lake, 
or mei-e, called Maren (see plan) ; and this passage was called the upper channel. 
Here a horiaontal bed of marl was passed through, of a violet colour, like that of the 

* Kom^ Vctcaduvt'AotdtnicM UandUngur, 1832. 
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Blubacken, and containing the Carrfhtm edule. Besides the shells, several buried 
vcs^Is were found in this channel, some oi them apparently of high antiquity, there 
being no iroa in tfaem, and the plankR h^ag fixed together by irooden pegs. In an^ 
other places bomver, an anchor was dug op, as alaotin one spot, some iron nails. In 
the lower channel, or that which united Lalce Maeler with the bay of the sea called 
Egelsta Wiken, two siinllai* beds of marine shells were found, one at the height of 
eighteen and the other of forty Swedish feet above the level of the t>ea. 

But a much mot-e remurkuble di^icovery was made in tlie lower channel. Here the 
eaoaTation commenced in a bill, or platfwm, covered with a forest ; and after digging 
down about fifty &et throngh stratified sand, gravdi, and clay, th^ came upon what 
appears to have been a small wooden house, the site of which is marked on thephm ff, 
fig. 4. The floor ftf tliis lmildin«^ was on a level with the sea. Colonel Nordkw vix 
has stated in his aceuunt, that tlie nnj^a which covered the house was thirty-four feet 
thick : but he perhaps wrote ells (a Swedish ell is two feet); for Captain Cronstrand, 
an engineer who superhitended the whole excavation, and who acoompanied me to the 
spot, assured me that it was at tiic depth of about sixty-four feet. In other respects 
this engineer's account ag'rees witli tliat of Colonel NordbwalL; but he has enabled 
nie to add some partieulars, which I shall now mention. 

The stratification of the mass over the house was very decided, but for the most 
part of that wavy and irregular kind which wonld result from a neetinf of enrrents. 
It contained here and there very coarse gravel, and some boulders of considerable 
siae. At tihe bottom of the wholes a mass of very fine .sand was entered, in which the 
appearance of the four walls of a square building: was discovered. Attention was not 
paid tn tliis phenomenon soon enough to deeide whether there were any remains of a 
I'ouf. An uttempt was made to dig round the wull^, uud leave theui standing ; but 
the wood was perfiectly decomposed, and crumbled down like dost when all support 
was rttnoved. But when they reached the level of the sea tiny found the Umber of 
the walls preserved. At the bottom, on what may have constituted the floor of the 
hut, an irregular rin^ of stones was fonnd, ha\nng' the ap[iearanre of a rude fireplace, 
and within these was a heap of charcoal and charred wood. On the outside uf the 
ring was a heap of unbnmt fir-wood, broken up as for fuel, the dried needles of the 
fir and the bark of the brandies being still preserved. The building was about ^gbt 
feet square, and was Supposed to have be^ miNely a fishing-hut, occasionaJIy resorted 
to at the fishing-season. Captain Cronstrano says that the building was enveloped 
with sand as tine as if blown l>y the wind. 

I visited the nearest spot at which shells were found, in a deep drain not far from 
the former site of the fossil house, (sec plan, fig. 5.) and am satisfied^ from their 
position and from the occurrence of shells at different spots and heights in excsr 
vating the " upper channel," that the strata which covered the house, like all the 
rest cut tlirongh by the Sodertrli*' canal, were marine. It appears <!vident, therefore, 
that this building must have been submerged beneath the waters of the Baltic to the 
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depth of sixty-four feet ; and before it was raised again to its present position, which 
ia about even with the levd of the sea, it liad become covered with strata more than 
sixty ftet thidc. 

Fig. 5. 





Site of tb« buried 1 



e. BedofTklet-oalaiiRdmMAiiitfaCMMi«hfe. 



If the buried vessels alone had been lound, we should merely have been called 
upon to suppose tiiat tb^ had sunk to the bottom of a fiords which was afterwards 
silted np and then upraised ; but tlie situation of tliis house seems to require fiur 
greater changes of level. Had notliing lieen observed but the wooden walls, ve 
might have imag'infd that the hut was carried away during an inundation, for I was 
told of a house tiiat M as floated off entire during a flood, in tlie north-east of Sweden, 
in consequence of the artiliciul drainage of a lake. But the fireplace and charred 
wood on the floor seem entirely opposed to such an hypotliesis. To imagine a sub- 
sidence of tlte land to the amount of more tlian sixty fiBet, and a subsequent devo- 
tion, or in other words a series of moveuMntS analogous to those which the phe- 
nomena of the Temple of Scrajiis have been explained, appears necessary; yet this is 
undoubtedly to assume far greater revolutions in the level of the land, since fishing^- 
huts were first erected in Sweden, than history or tradition would have led us to an- 
ddpnte. As to the fine sand in which the house was envdopcd, it may Im compared 
to die saiMl which is known to collect rapidly and form a mound over wredud 
vessds which have sunli and presented an obstacle to a marine current charged with 
sediment. 

I ought to state that I was nnahlc to examine the remiuns of the house, since it was 
entirely cut away, having stood, as will be seen by the section (fig. 5.}, in the exact 
line of the canal, the snrftce of the waters of whicl^ like the foundatimi 4^ the house, 
were situated at about the mean level of the sea; for Lake Maeler and the Baltic are 

so nearly on a level, that when the Baltic rises two or three feet above its mean 
height, the same lock at Siidertclje which usually serves to convey vessels from the 
Baltic up into Lake Maeler, is used to convey them up in a contrary direction from 
the lake into the sea. But although I could not see the rdic of the fishing-hut itself, 
I may observe that I had the advantage of conversing with the two eminent engi- 
neers who were witnesses to the fact, and iriio, being greatly astonished at the dis- 
covciy, took careful notes of tlie phenomena at the time. They at first conceived 
that the building might have been part of some well, although this seemed highly 
improbable, not only from the size of the wooden structure, but from the occurrence 
of springs at the sn^we in the Immediate neighbourhood. It was only when the fire* 

MDCCCXXXV. c 
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pliice was found that they could fonu no otiier opiniun than that it had been a huinarj 
habitatiou. In urder tu explain the position of beds uf iihells at various heighti^ in the 
Btnta interMcted by the canal, an hypothesis was suggested by Colonel NoaDBVAU^ 
in bis pnblished report, that Lak^ Maeler may once have been shot out from the sea 
by a high barrier. Sand, gravel, and shells may then have been deposited at its bot- 
tom, which on the snbscquent removal of the barrier were left at their present height 
above the lake. But if the shells had been submitted to u concbologist, they would 
have been at once recognized as consisting for the raoet part of narine species^ sncb 
as do not exist in the present waters of Lake Maeler, but are characteristic of the 
Baltic. Whatever doobts, therefore, may bang over the causes which brought the hut 
into the extraordinary position in which it was di'Seovered, it is impossible to reflect 
on this and the otfier facts brought to light during the excavation of the iiiiderteljc 
canal, without being convinced that very important movements have taken place in the 
land and the bed of the sea since tlie Baltic was inhabited by the existim Tettacea^ 
and even dace the sea was navigated Iqr vessels, and this conntcy inhabited by num. 

In regard to the shells, I may observe that the Mya arenuria is the only one foond 
by me in great abundance in nny part of the Baltic which I did not see atnong the 
fossils of any of the bjcalities aheady mentioned, or thoae afterwards to be alludeti 
to, further to the north. But this shell does not, I believe, extend so far north in the 
Galf of Bothnia as SOdertdje 1 1 could not find it even at Calmar, and farther sonth, 
at SSlvitsboiig, it was rare, and of very small size. The analogy, in fact, of the fossil 
shells to those now living in the Bothnian Gidf is most complete : the shells are the 
same species, partly freshwater and partly marine, the 8{)ecies taken coUectivcly be- 
ing few in number, and the marine attmning a smaller average size than in the 
ocean, where Hie water is more salt. The TWISmi BaUica is everywhere in great 
abundance. Hence we may conclude, that since the time when an inland sea of 
brackisli water, like the Baltic, existed in the North of Europe, considerable fluctua- 
tions in the position of land and sea have taken place; aconchision to which I 
shall revert in the sequel. 

The elevated position of the marine shells around Sudertelje prepares us to expect 
nmilar depodts scattered fttr and wide over the vaUeys bordering the various branches 
of Lake Maeler. Accordingly, in examining the country about forty-five nycs north- 
west from Sodertelje, between the towns Torshalla and Arboga, I was fortunate 
enough to meet with abundance of Teilina Baltica (see the variety repn-o nted in 
Plate II. figs. 3, 4.) in an unctuous clay, of a deep blue colour when wet, wIucIj fdled 
the bottom of a valley near Lake Maeler, in a district of gndsa eomed with huge 
erratic blocks. This locality, which is by flir the most distant from the Baltic of all 
the places where similar beds with marine shells had previously been observed, lies 
between the village of Smedl»y and Kongsor, about seventy miles from Stockholm, 
and more than eighty from the general coast line. The clay is exposed to the depth 
of fifteen feet, being cut through by a streamlet, which is crossed by a small bridge 
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Fig. a. 



on the high road. The deposit is elevated only a few y.ii'ds al)ovc Lake Maelor, 
and is therefore about the same above the Baltic ; but the formation cxteuds to 
grovter hoigbts in diis nid adjoining low lands, as do usodated beds of gravd and 
sand, in wluch I oould not detaet any fossils. 

After viewing these geological phenomena, I was well inclined to rcceire Atvonr^ 
ably any probable evidence brought fonrard to prove that the land lia^ been rising 
in recent times in the nPTj^hhourhood of Stockholm ; but I must confess that, on 
close investigation, i was diiiuppointed in finding that several of the proofs relied 
on by some writers were verj- equivocal. Among other fiiets» it has been noticed 
that the levd <^ lake Mader has beat towered in very modw times ; and it is clear 
that the waters of this lake would appear to fall, together with the sea. if there 1)e a 
general rise of the land, since Lake Maeler joins an arm, or tiord, of the (iulf of Both- 
nia at Stockholm, the salt and fresh water meeting in the middle of the city. The hike 
is generally three feet higher than the sea ; but the tine of separation is not constant, 
and when the Baltic rises very high, its waters flow for some miles into the lake. In 

that part of the town cal1«l the Rid* 
darliolmen, immediately above where 
the waters of the lake meet the sea, 
(see Map, fig. 6.,) some of the buildings 
have of late years become insecore, 
])ecau5e the level of Lake Maeler has 
fallen, so that the piles on which the 
buildings rest are not constantly under 
water as of old. The tops of these 
pUes being now every year altemalely 
wet and dry, they are continnally rot- 
tin away. This fikct is unquestionable ; and I saw the houses, which, in consequence 
of thi.'i failure of support, are much rent, and out of tlie perpendicular. 

But during' the time that thi.s change has occurred, no corresponding fall has been 
observed in the neighbouring quay, or Skepp^brou, which is filled with brackish 
water, and whidi ought to have been equally adbcted on the snppositiim of a general 
rise of the land ; and we naturally, therdbr^ inqdie idiether some particular chreum- 
stiuices have not of late yt ar? ^-iven a freer outlet to the waters of Lake Maeler, so 
as to cause them to sink. Now several Swedish engineers remarked to me, that the 
decay of the piles had tidcen place since the removal of the two old bridges in Stock- 
holm, which being supported on a great number of wooden piles, ohstinicted the free 
dischaine of the lake, the waters of which now poor in a n^d and unbroken current 
through the large arches of the new bridge » Mid secondly, they observed that the 
canal of S6dertelje ha.s formed, sinee the year 1819, an entirely new line of commu- 
nication, by which the waters of Lake Maeler have of late years (lowed out into the 
sea. Can any one doubt for a moment, that if the old bridge should be restored 

C9 
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and the l elje canal again closed up, the waters of the lake would immediately stand 
at a higher level* r 

There are some marks in the sulmrtM of lfto<d;liolin wliksh aerve, I tbink, to set 
nftTTOw limits to the extreme amount of devalioa which can by poaribility hare taken 

place during the last three or four centuries. To one of tiiese, the Fiakartorp of 
Cliarles XI., I shall particularly allude, (see Map, fig. ".,) because an attempt has 
been made to draw from it the opposite inference of a rapid elevation of the land. 



Pij. 7, 




Map of the northern environs of f^toriholm. shoa-lng the tiff of the Fi^knrtorp. 



This 6shing lodge is situated on a promontory surrounded on three sides hy lakes 
(see Map, fig. 7-). The lodge is 131 yards distant Seem the nearest water, and 
twenty-three feet above its level By the side of it is a brge oak, and a second one of 
considerable age between it and tlie lake, only forty-six yaid.'j from the margin of tlie 
water, utid liaving it.s base only ten feet above the level of tlie lake, which at the time 
tiiat i visited it stood at least one foot below its mean height. (See Secticoi, lig. 8.) 
Mr. Stbom, Keeper of the Royal Woods and Forests, assured me that the age of this 
oak cannot be has than four cmtmica. There are ah%ady some signs of decay at 
its top, and its diameter at the hdght of fire feet above the ground Is four feet four 

• PtafieHarJea]inoir,b]iis|ii^infltt»liidiu|^ 
TT.ictake rqirc»ented the Imwms wbeM tfafi pOct alt ffiidag wmj M •ituMted on tte dUie «f theSkepiwbfon imtend 

of the Hiddarholmen. 
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inches. As Mr. Strom is perfectly acqiiwnted with the average rate of growth of 
the oak in different kinds of soil in this country^ and has cut down some in the neigh- 



Fig. 8. 




a. The fiahing-house. i. The lower oak. c. Ancient uiu- uf the smuil cabin for (i^hiog-tackle. 

4. TlwHanrWiluB. 

bouring grounds which conld be sbown by their rings of annual increase to be more 
than six hundred years old, I consider his opinion as worthy of ftall confidence. This 
gentleman showed me an ancient plan in which the Fiskartorp and both the oaks 

were laid down ; as also a small cabin, which, in the time of Charles XI., who died 
in 1097, was placed between the lowor oak and the lake. It wa.s not a boat-honse, 
but had been merely used for preserving the oars and fishing-tackle. Being in a 
state of great decay in 1834, it iras removed by Mr. Strom. Now it is improbable 
from what is known of the habits of the oak in this country, that the k>wer oak grew 
close to the watcr'.s edge originally ; and if its base be now only eight feet above tlie 
mean level of the lake, it is vlviiv tliat the rise in each century must have been very 
slight, althougli it may undoubtedly have uuiounted to ten iuclies in a hundred years, 
which would accord with the estimate of the best-informed scientific men in Swe- 
den, in regard to the gradual rale of the rise of land at IMockholm. Professor John- 
sfTON appears lo have eni^Kindeddie cabin, which has been removed, trith the fiskar- 
torp, which is still standing, the latter having been frequently repaired, as a nienif>- 
rial of Charles XI. ; for Mr. Johnston states, that " the fishing-hut formerly stood 
close by tlie deep water, though no longer near any spot where the favourite amuse- 
ment of the monarch can be enjoyed*.'* 

Even the lower cabin did not stand near deep water so latdy as a century and a half 
ago, but appears by the ancient plans to have been neaily as remote as now from the 
shallow Ilnsai' ^Mken. I fully a-rree, however, with Professor .Johnston, that it ap- 
pears clear I'roni ancient documents and tradition, that the three lakes Husar, Ladu, 
and Uggel, whicii together formed, in the time of Charlrs XI., what was called tiie 
Gulf of Fiskartoip, have since grown much shallower, and have been hi part con- 
verted into land ; a change which may perhaps have been due, in part at least, to a 
slight general upheai^ng of the whole < oinitry. But although I do not dissent from 
Mr. .Johnston's general proposition, 1 oii>^ht to mention here that I consider another 
of his proofs derived from the neighbourhood of Stockholm as altogether untenable. 
Speaking of the Bruns Wiken, a beautiful lake in the nortliern suburbs of the city 
which skirts the woods and pleasure-grounds of the palace of Haga, (see Map, fig. 7.,) 

* Edinbuigh PhiloaopLicul Journal, No. 29, p. 39. 



Digitized by Google 



14 



MR. LTELL ON THE PBOOF8 OF A ORADUAL RUING OP 



he mys, " the position of this lake shows that it has tormurly communicated with the 
stiii, though now it is considerably above it and entirely inland. As the sea retired, 
this sheet of water vodd also have been drained off, had it not been dammed up at 
the only outlet (at Alkistan) to preserve the beauty of the promenade, one of the 
finest in Hie nrighbourlioocl of the city. At present it is dammed up to the height of 
four or five feet, ;md the character of nil the huid around shows that in ancient times 
it has been very much higher and more exteiisive." 

Now a reader would iaht from this description, that but for an artlficnl dam tUs 
laice would have been lidd dry ; but the ihct is that it fills a deep hoUow in the gcanitic 
rocks of this district ; and tiie only eSbct of the small dam is that the mean height 
of the water is somewhat more uniform throughout the yejir. The outlet allmlod to 
is at Alkistan (see Map, fig. 70» where a slight wooden dam has been erected, so 
small, that every year in the spring the water flows over it ; so that the annual ex- 
treme height of the water is still the same as it wmdd be if the dam were removed. 
When I visited the spot in June, the water was two feet lower than the top of the 
dam, and scarcely more than a foot above the bottom. The tract of land which se- 
{xirates the lake from the sea h about a hundred paces broad, and is composed of 
granite, over which the stream flows which issues from the lake. 

I shall now pass to the country around Upsula, about forty miles north-north-west 
of that around Stockholm last described (see general Map, Rate L). In its geologic 
cal structure It resembles that of Stockholm, the fnndumcntal rocks being here also 
p^eiss and granite, partially covered with newer deposits and with erratic Murks; 
but near Tfpsala there is a much larger quantity of clay in the overlying furiuution. 
A section of this oluy is well seen at Ulfva on the bunks of Fyrisl, a spot M'hich I 
visited with Mr. Mauxun of Upsahi. The thickness of cky here exposed in a vertical 
section is betwe«i thirty and forty feet, and the river is probabfyaa much more above 
the level of the sea. This stiff blue clay reminded me much of the Subapennine clay 
of Italy. In some partf5 it contains no shells -, but in others the Tellina Balfica entire, 
with both its valves and the epidermis, is verj' abundant. It is precisely the same va- 
riety of this didl as I found before near Torsldlla (see p. 10, and Plate II. figs. 3, 4.). 
Hie Jtfytibu siAiKf also occurs, often much flattmed, aiod occasionally covered with 
the small white flustni now so conunonly attached to it in the Baltic. In some of 
the associated strata there is much vcu;etable matter, exactly re-sembling sea-weed. 
I could find none of the littoral shells which X before mentioned as associated with 
the MytUus and Telluia near Stockholm. 

One of those ridges of sand and gmvd which I have before described as being 
firequent in Sweden, passes through the suburbs of Upsala, running in the usual di- 
rection nearly north and south. Its summit, according to the barometrical measure- 
ment of Professor Wahlbnbbrc, rises more than a hundred feet above the river which 
^a\vs at its bci^e. Its structure is laid open in large pits, one of them about seventy 
feet deep ; and these sections show that the mass consists for the most part of a con- 
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tinued series of thin layers of sand, loam, and gravel, in part horizontal, but in some 
places, and fur a limited &puce, inclined at an angle of more than fifty degrees, with 
numerouB miall vertical remtt occasionally travening tlie beds. WheUier these have 
been occasioned by sabterranean movements, or during the diying and settling of 
the mass when it was first raised above the waters, is a point on which I can offer 
no conjecture. The inclination of the strata, resembling that in gravpl-bcds, I attri- 
bute chiefly to original inequalities in the mode of its deposition. Here, as in other 
places, I could find no fossils in the beds of pure sand and gravel, nor dkl X meet 
with any in the blae clsy which seems to crop out from beneath the sand at the 
liottom of the bill. But fortunately, near the castle at Upsala a thin bed of violel- 
eoloiircd iiiarl, full of shells, has been cut fhroiin:h at the bottom of a gravel-pit near 
the top of the ridge. This marl, which forms a horizontal layer only three inches 
thick, is within about twelve feet of the summit of the ridge, and about eighty above 
the sea. It contains the MytiUtt edulu, Cea-duan eiule, Telfima BatHea, lAtiorma 
liUoreaf PtAidtM ubra} Both above and bdoir this marl are strata of gravd, and 
sonic of the overlying beds contain round boulders a foot or more in diameter. 

This i.s the only place in Sweden where I met with any fossils in the midst of nnr 
of the sautl-oasar, or ridges of sand and gravel. The fact of finding the recent shells of 
theliaUtc in such a position appears to me of the highest interest, especially because 
on the sammit of this, as of other ridges, I found huge erraUo blocics resting imme* 
diately on the uppermost byen of gravel or fine sand. In that part of the ridge 
south of the town called Palacksbacken, these blocks are abundant, and are on the 
very summit, appearing to be all superficial, for I could find none m situ in the deep 
gravel-pits which intersect the ridge. I examined these blocks in company with Pro- 
fessor VVahlbnbebo, and found them to consist of angular masses of gneiss and gnu 
nite, the larger ones rarely exceeding nine feet in length s but we measured one 
which was no less than sixteen ftetlong, thirtc^ high, and eight broad. It follows, 
therefore, tliat by whatever cause these enormous fragments of granite rocks have 
been eonvcyed to their present sites, some of thofn at least have been transported 
tJather since the Baltic was separated from the ocean and inhabited by the existing 
spedes of TtstMcea, 

I may observe also, that the occurrence of layers of marl containuig littomi 
shells, as above described, in the midst of a stralifted ridge of sand and gravel, is 
opposed to the theory of tliose jjeolo^^ists who refer the formation of such ridges to 
tt violent flood or debacle rushing from the north. The perfect preservation of the 
shells at Upsala, and the repeated succession of thin alternating layers of gravel, 
sand, and loami wiiich are seen almost emyidiere, imply a gradual, and at times a 
very tranquil, deposition of transported matter. If I am asked for a more probable 
hypotiiesis in the room of that to which I object, I may state that these ridges ap- 
pear to me to be ancient fiank^ nf" sand and slnntde, which have been thrown down 
at the bottom of the GuU ot liothnia, in lines parallel to the ancient coiist during the 
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successive rise of the land ; or in other words, during the gradual coaversion of part 
of the galf into land. I conceive that they may have been fomed in thoae tracts 
where a marine enrrent, flowing as now, during tiie apring when the ioe and tnow 

melt, from north to soutb»came in contact with flooded rivers rushing from the con- 
tinent, or from the west, chargetl with pfravel, sand, and mud. According to this 
view, these lar«^e Swedish ridf^es may be compared to smaller banks known to have 
been formed within tlio last hve or six centuries on the eastern coast of England, at 
points where a.prevailing marine currmt fiom the north meete rivers descending from 
the interior, or from tlie east. In such sitnations the nvet, instead of entering the 
sea in a straig^ht !ine, is deflected at a right angle, and runs from north to sooth 
between the lanfl and the new-formed sand-bank. The deep narrow breaches which 
occasionally occur in mauy of these ridges in Sweden, precisely resemble those whicii 
a flooded river or an inundation from the sea sometimes makes tbrongh our smaller 
iMmlis aliove alluded to. If this explanation be admitted, I conceive tliat the steep 
escarpments often preeented on both sides of tlieoasaror ridges of sand, may be almost 
entirely due to their original form, and not to subsequent denudation. As to the 
manner in which the erratic bltn lc- fiavc been lodtred on the highest parts of these 
sand-banks, I fully iidopt the opmioa of those who believe them to have been carried 
by ice, respecting the agency of which I shall have more to say in another plaoe. 

The low meadows near the town of Upnda are not many feet above the level of Lake 
Maelcr, the most northern arm of which reaches near to that place, which is distant 
about fifty miles from Sodertelje, before alluded to, at the south-eastern cxticinity 
of the same lake. If the opinion, therefore, of the rise of the land be well founded, 
the whole of Lake Maeler, and the low lands adjoining, must have been covered 
with salt water at no very remote period in history. Professor Wahuenbero pointed 
out to me a meadow to the .';t)uth of Upsala in which the Glaus marltima and the 
Triglochin maritimus now flourish, plants which inhabit salt marshes bordering the 
sea. These same sj)ecies have, it is true, been found in the interior of Germany and 
France near saline springs } but in the counti-y of Upsala there are no salt springs ; 
and this botaincal phenomenon seems to oonfirro the opinion tiiat the salt waters 
have only receded in very modem limes fnom these lands, and that the ndns have not 
yet had time to dissolve and wash away all the salt which may have been originally 
precipitated when tlua tract was kiid dry. 

OaBcnmiD. 

The next region which I examined was the ooast near Oregrund, a port about forty 
miles north-east of Upsala. During the snrvey of 1820, before sllnded to, a mark was 
made near this place on the rocky cliffs of Graso, a long narrow island which lies op- 
posite to Oregrund. On my vMt to this island I was accompanied by Lieut. Olof 
Ff TTMEN, a gentleman of the piiotuge establishment, who cut the mark in 1820. It 
ib inucii to be r^retted that neidier be nor any other observer, as &r as I could learn, 
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Fig. 9. 



bad visited tliese spots since the maiks were made. No place could have been better 

chosen for the purpose: the letters and lines, which are sdll as fresh as if newly 
made, have been cut upon tlie vertical face of a cliff of gneiss, which is free from 
HcIriis, anil which plunges to the depth of about three fathoms perpendicularly be- 
noatli the water. I subjoin a sketch 
(fig. 9.) which I made of the rodt and 
mark as thqr appeared on the Ist of 
July 1834. A vein of granite, com- 
posed of felspar and quartz, traverses 
the gneiss in an oblique direction above 
the mark. Tlie rock is stated by Buitn- 
CRONA to be in latitude X)0' 18' N. It 
is sitnated at the south of Strandtorpet 
and north of lUringsniidet. The length 
of the Iiorizontal line is twenty inches 
and a half; the figures express that 
the mark was cut on the 13th day of 




MuHt at CfrM netr OnfrwmL 



the ninth month (September) in the year 1820, and the runic letters at the beginning 
and end of the line are the hiiHab of OiAv FLuMBK. 

At the above date the horisontal line was exactly at the level of the sea on a calm 
day, when the water was supposed to be at its standard level. When I visited the 

place on the Ist of July 1834, the line was five inches and a half above the surface of 
the water: and Lieutenant Flumen and the seamen thought that a slight wind which 
was then blowing from the north-north-west, directly down tin: sound between Ovc- 
grund and Griiso, caused the water to be an inch or two higher than it would have 
been had the sea been as perfectly calm as on the day preceding my visit 1 found 
ttie pilots, both here and at other places on this coast, to be <tf opinion, that notvrith* 
standing the fluctuations of level caused by the wind, a person well accustomed to 
this sea can decide whctlier, on a particular day, the water is an inch or two above 
or below its standard level. There had been several calm days without wind before 
I arrived at Oregnmd, and I was assured that the sea was in a state of rest similar 
to that of the day which had been chosen fourteen years before for making the mark. 
Before we came to the spot, both Uentenant Furamt and the boatmen expressed 
their persuarimi that I should find the sea heknr tiie mark, because they declared 
that either the waters of the gulf were always sinking, or the land on this coast was 
gradually rising. To confirm this opinion the sailors pointed out several rocks which 
they well remembered to have been barely covered with water in their younger days, 
or about forty years ago, but which now rise between one and two feet above the 
water. Among odiers they took me to a small insulated rock in the sea, opposite 
Domaskirsnnd, which they recollected to have once been nearly two feet lower, at 
wfaidi time the neighbouring channel, which I saw nearly dry, had allowed a loaded 
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boat to pass. So strong^ is the conviction of tlie iisbertnen here, and of the flcaforing' 
inhabitants trencntHy, that a f^iaduai ulian^L' of Icvfl, to the amount of three feet or 
more in a century, is taking place, that they seem to feel no interest whatever in ttie 
oonfimiation of the ftct alforded by arUfioial matki, for th^ obwrved to me that 
they can point out ionumerable natural macks in support of die change; and th^ 
mentioned this as if it rendered any additional evidence quite superfluous. 

The sen deepens rapidly near the roa<?t nt Orpgnind, and there is twcnty-ci<rht 
fathoms water in the bay. Alon;Lr the shore is a brotid band of bare prjetss traversed 
by granite veins, which ramify in every direction, and consist chiefly of felspar in 
large crystals. In many places this ^loping band of bore rock, liaving a smooth suf- 
lace, extends up for a hundred paces from the sea, covered only iHth a scanty coating 
of lichens. The gneiss, where it approaches uithin eif^hteen paces of the sen, is so 
smooth and polished that it is difficult to \ralk upon it. The surface swells into thoi^e 
i-ouruled flattened forms which are so common in the forests in the interior of Sweden, 
where grass is frequently unable to establish itself on so hard a foundation. Not 
even lichens can grow in some parts where Teins and beds of quarts appear } but trees 
take root in the cli ft^ of the granite and gneiss, rising amidst vast erratic blocks, 
resembling'- those whicii, in ecjoal nundiers and of equal dimensions, crowd tllC greater 
part of the shores and islands of tite Bothnian ^uil'. 

Trom Oregrund I went on to Gefle, about forty miles to the north-west. In a low 
part of the intervening country, near the village of Skjerplinge, I came to a 'largie 
tract of stiir blue day, like that near Upsala, covered vrtth sand ^ or dght feet deep. 
In the clay I found the edulh and the Tellina Bait tea. I was informed tliat 

marine shells are met with abundantly at a much higher level in a tiill of sand near 
Skiri ]1inge, where also, according' to tradition, a large iron ring, such as ships are 
attaclicd to, was formerly found tixed iu the soil. 

lily attention was repeatedly called to knr pastures from one to three miles inland; 
wliere the nU inhabitants or tlieir fitfficrs remembered -that boats and Alps had 
sailed. The traveller would not liave suspected such recent conversions of sea into 
terrn ftima ; but there arc few regions where a valley new ly cained from the sea may 
so rapidly assume an air of considerable antiquity. £very small island and rock off 
this coast is covered idth wood, and it only requires timt the intervMiing channels 
and fiords should dry up and become overspread with green turf for the country to 
wear at once an inland a^iect, with open glades and plains surrounded hy well- 
wooded heights. 

Among other stories of wreeked vessels found in the interior, I was told at Gefle 
that a vessel and an anchor liad been fuund in a bill of sand and gmvcl at Uggleby, 
sixteen miles from tbe sea, in the pansh of tliat ikaroe. Colonel Hallsiiiom tdls me 
tliat simibrtraditibnB are common iuFmfam^and that a.wredk is sand to have been 
found there at Laihela, two miles from the SBsi. - " 

' On both sides of the river at Gefle I found land 'gained from the sea, within the 
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memory of persons now livini'' ; and its gradual extension lietr, and in other places to 
the. npi'th and goath, is attnbuted by the natives to a i>l«>w Uit constant change in the 
ielati*alievd nilaad and m. . Id 'tU& place the deposition dTflnviitiLe ledbtattt must 
cooperate iritb\otliei'. oaoses ; Irait the shaUoiring d the water aiid ita co m yerri o ii into 
Imd vie Uni npiwrsfd to be explained hf sedimaituy, aecnmulHtions alone. JPi»pB> 
rations are matins: to remove the harbour farther from the town, in confjcqncncc, as 
I was assured, of the rontinued Ikllof the water rendeiing itelrery year more difi&cult 
for ships to rcuch tlie ancient wharfs. 

I. visited trnt, msiftt ^enr OtSCbt.mm of them cat in 1731 in tbe iBUind of L5%rand, 
twelve vxSkn nORtbeCMt of Ch^tiport, and another made in 1 820, about six miles fiwtber 
north. The jirst of these tnarks (that of Lofgrund *) was carved by one Ruobbro in 
1731, on a fixed rock of miea-scKist, in the midtlle of a small sheltered buy on the 
east side of the island. The mic-a-schist is very hard and full of gurnets, Uie highest 
pait of the rock being only four feet above the water, and its length and breadth 
about fourteen feet. There is a depth of water, of about teren feet and it half on the 
side where the mark is made. The annexed skelch (fig.- 10.) wfil give eome idea of 
tbe outline of that side of the rock and of the mark. 



Fiir. 10. 

Rock M the Harbour of Uifgrvni. 




«. Tb« Hfpor BHfc. h. ThelomriMA. 



The boriaontal lin^ wluch is somewhat irregularly cut, is known to have been 
orii^nally laade at the mean walw4eveL When I meaanred it on the Srd of Jaly 
1834, tins fine was two feet sue inches and a half above the mean level of the water ; 

but as the wind was blowiiig' from the east-north-east, the chief pilot of Geflc, who 
accompanied me, declared tliat \ ought to add at least fonr inches mote in order to 
expre&s the full difference of the ancient as compared to tbe present leviel of the. sea. 
It will appear that I had afterwards good reason to betieve that tiiis estimate was not 
exaggerated. Even wfacm this aUowanoe is made, Ibe ftU, ni tbe spaoe of somewhat 
more than a centur}% is not quite equal to three feet. There is a lower horizontal 
mark two feet live inches long, irregular and without any date, which, when I aa- 
* Somctiim* eidkd JUXgnmdct. tlie final et bciag the daSnite artick in Sweduh. 

d2 
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aniined it, was washed and almost covered l)y the ripple on the surface of tlie water. 
It is not emimerafofl Ity Bruncrona as aituiii^'- those which were cut in 1H20; but 
iny boatmen and the tishermen on tiie Island gaid it was cut in ld20. Although 
oc(»8ioiially covered by the small wavea, it was one inch and a half above the mean 
level of the water, and would probably have been four inches or more above it on a 
calm day. 

It has been observed that lirhfns grow nearly to the water's edge on the rocks 
skirtiny: the Gulf of IJothnia, and certainly the lower l)or(]er of tliis line of vegetation 
often appears very distinct when viewed at a short dii»tuuce ; the rock below, where 
it is altemately wet and diy, remaining of its natural colour, which is nsoally very 
much contrasted with that of the sur&ce^ where it is coated with lichens. Now it has 
been proposed to measure and note the distance of this line of vegetation above the 
sea, and then to determine, after a certain lapse of years, the rate of elevation of the 
land, by observing how much lower the lichens have descended. With a view of 
fiimishing data to Aitore observen such comparisons, I endeavoured, at LOf- 
grundet and other places, to ascertain the height of this line of vegetation, but without 
success, for it always appeared to me nnddlnal)ie. Not only is it v^ uneven, but 
sometimes, after passini:: over n space of bare rock, M'e come down again to some 
Straggling lichens growing luxuriantly nearly to tlie %\ ater's edge. 

VoN BucH mentions in his Travels* that he found u large quantity of fine-grained 
red sandstone, used as a building-stone, atOefle, contaioing small nodules of asphal- 
tnm. He was told that these stones were fbund nowhere m wfa^ but were thrown 
up by the sea upon the skiir, or that line of rocks and islands which bounds the coast 
off Gefle. I found the shore of the isle of I^ofsrrund strewed over with these schis- 
tose red-sandstone blocks. They have the form of large Hat slabs, with angidar 
edges, as if they had been jubt taken from a quarry. They were exposed to a hot 
sun, and the black pitchy matter was oozing out abundantiy from nnmenms pores. 
The planes of stratification presented those undulations called ripple-marks. On my 
inquiring from whence they came, I was assured by the fishermen that a fresh supply 
of such masses was brought to the coast from time to time by the sea. I remarked 
that their size was ^uch that the waves could not have power to move them, that 
there were no rocks like them in tlie neighboarfaood, and that tliey were not rounded 
by attrition as if rolled at the bottom of the sea. One of the fishermen replied 
that the ice might have brought them, and he undcrti n-k to show me much larger 
blocks which had been stranded recently on different parts of the skar. I accord- 
ingly went to a small island called Hvitgrund in order to see proofs of this fact, 
and there I observed blocks of red granite, five or rix feet in diameter, perfectly free 
from lichens, amidst other blocks of various races which were coloured grey, white, 
and black, by a coating of these plants. The sailors named other spots where I might 
see much Isurger blocks, perfectly bare, or only beginning to be covered, amidst 

* Vol. ii. duf . T. Freach edition, p. SOS. 
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thousands which, having- proltahly lain for a grcnt many years at the same height 
above the mean levfl of the sea, had cntiicly clianu:cd their colour, Tliey declared 
that tbey well knew the exact date of the arrival ot some of these blocks, which tb<^ 
obaeired would in time beoome as well coloured {or as thickly clad with lichens) as 
those older ones among which they had been thrown. On my deman^qg whether 
any of my informants had seen great stones floated by ice, they admitted that th^ 
hud not ; but the chief pilot statc<l that the drift ice on this coast is often pavkfrf so 
m to be eif^hteen Ivvt thick, different sheets from five to ^<ix feet in thickness bcinf^ 
driven oue over the oilier ; and when this happens^ frui^iiients of rocks might be 
froien in and floated off on a rise of the water or a change of wind. The more nsnal 
mode, however, of explaining the manner in which ioe operates is somewhat different. 
When the sea freezes in winter to the depth of about five or six feet, detached 
masses of rock lyinir on shoals are necessarily frozen in. Afterwartls, when the n-ater 
rises on the approach of suuimer, tUv ice, iicing buoyed up, lifts with it these stones, 
and tbey may dien be transported by floating ice-Islands to a great ^Manoe. 

The next mark which I examined was that of St Olofs Stone in Edskd (or Edsf o) 
Sand*f in the parish of Hille. There was no one at Gefle who was present in 1 820 
when the mark was cut, and unfortunately it is imperfectly and even incorrectly de- 
scribed in Bri'ncrona's Report. St. Olof's Stone is an immense erratic block, about 
tl)irty-six feet liigh above tt)e water, forty long, and thirty broad, witli precipitous 
and in some places overlianging sides. It connsts of micaceous sdiist with garnets. 
It Is ntnated in lat. 60^ 53* N. The marie u cut on the precipitous south-east nde^ at 
the base of which there is about a fathom's depth of water. 

Bruncrona, in bis Report, states that the mark consists of a horizontal line, upon 
which the date of the year 1820 is carved. Directions were probably g^ven by him to 
this effect, but tbey have only been in part executed, for there is neither a horizontal 
nor verticol marie, but only two irregular lines to the right <^ the figures, as shown in 
the annexed sketch. It is nho stated in the Report, that Fig. u. 

the water stood 1*92 foot under the lowest edge or base 
of the ciphers. Now unfortunately, tiic base of the let- 
ters do not form a perfectly horizontal line, the bottom 
of the last (^>her being three quarters of an inch below 
the bottom of the figure 8. On the evening of Jnly 3rd, 
I found the water-level to be exactly two feet below the 
base of the cipher, or the 0. Tlie wind was blowing from the ea.st-south-east, so that 
the water in the Sound, according to the pilot's opinion, was four or five inches above 
its level of equilibrium. 

As this was the third time 1 had been told that the sea was several indies above 
its standard height, I determined to pass the night in Edsko, In hopes that the wind 
might fall, and that I might have an opportunity of repeating my observation dmtog 
* Colondi Bnmamu, in called thii AwiMiuiJ, tot it i» not known by tfak nm» rt Oefle. 
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n perfect oalm. At a very early hoar the next rooming' the wind shifted to the north- 
north-west, and fell almost entirely, so that when i revisited St. Olofg Stone tlie sur- 
face of the water was perfectly smooth. I-tiien found the level of the sea, as the pilot 
iMkd CKfieclad, 3| indiei lower than oo tbs^ preeedii^ evedng. This oireumttance 
gave me much oomfidenoe hi the opinion which hi- had previously expressed, that the 
water at Lofgnind was three or four inchfifl above its etandard level at the time of 
my observation. 

The result, then, of my second visit uiui, that uu a moderately calm day, with a slight 
wind blomng north-north-west, I found the level of the water* on July 4, 1834, two 
feet three inches and a half bdow the bottom of the 0, at the end of the figures 
1820, or 3 58 inches lower than the water hi the year 1820, supposing the measure- 
ment to have heen then taken from the base of the last cipher. If it was taken from 
the base of the figure U, then the difference between the water-level at the two periods 
compared would be three quarters of an inch greater. . . > 

It is ffluoh to he rcgoettcd that in the prhifed iaeconnt of Che onttoig of tiiis and 
other marks in the ymr l«l()-^21,no exact mention is made of the state of the sea and 
riirtction of the wind. I wa-s merely assured generally that calm days were chosen, 
und circumstances avoided whicii are knonm to cause the Gulf to deviate from its stan- 
dard level. This precaution I know to have been carefully attended to at Oregrund. 
. Mr. Von Hemp, juhia important work oidtled " Hie lUstocy-of Naturnl Changes on 
the Earth^a Aufhoe proved by. Traditikm," his objected to the marks cut on the. rodcs 
of this coast that they were made on loose blocks, which may have been heaved np 
from their position by the sen and ice*. But the greater number of the mark^ 'un c 
been set on fixed rocks ; and even where this is not the case, tlic proof derived trntn 
such enonuous masses as St. Olof's Stone is quite unexceptionable. I ought, liow- 
ever, to add, that Mr. Von Hofp has, in the third volume of his work just published, 
withdrawn his opposition to the validi^ of the evidence in favour of the rise ct land 
now going on in the Baltic -f. 

Before T f>a<;« from Gefle to another part of Sweden, I may state that Colon* ! TIall- 
STROM, to whom we arc indebted for an interesting article on the marks niuUu to de- 
termine the rate of change of level in the Bothnian gnlf^ informed me that the 
inhabitants of the opposite coast «f Finland are as folly pennaded as those between 
Gefle and Tomeo that either the waters are falling in their country or the land rising. 
The same gentleman observed, that not^^'itl^standing the fluctuations of level in the 
Baltic at certain seasons, he never happened to examine any of the arieient marks, 
either on tlie Swedibh or Finland aide of the gulf, without finding tlie water below the 
marks. He also gave me some marl of a violet colour, iriiich he had lately brought 
fipom NAdendal, near Abei, in Finland, found nt the hei|^ of nxtyJM; above the level 

* OcHhicht* der Vfifladwiugai, Put L p. 425. 

t Ibid. Tol. ill. p. 816. 

X KongL V«t«ntk9l.AMidMU«M HmiDirt"- Btofikholiiv. 1833. p. 30. 
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oflhesMlMttrdieooeflt. Itii eoiqpoMdpitBdpaUy.Iikethttbelbre Aiaitio&edneAr 
Stockholtn Mod Upaab, of the deoomporition of the SfytUuM edti^ but also odntaina 
perfiMt fpecioiens of the Tellina BaUica, Littorina littorea, L. rudu^VoA Paludinankiat 

The castle of Abo on the Finland coast has been cited by several \v iiters* as 
provintr that the (ground on which it stands has not been elevated, that building 
beiug many centui ies old and yet close to the water s edge. But Colonel Hallstrom 
assured me that the base of the mills is ten feet above the water ; so that the castle 
may be four ceaturies old, and yet there may have been a gradual rise of the land at 
that point to the amount of more than two feet in a century. 

Not being able to visit Sundsrall, I applied by letter to Mr. Jamrs Dickson, resi- 
dent at that port, who at my request put a series uf questions, which I had drawn up, 
to the most experienced pilots and fishermen on their return in November last from 
their fidiing-stations In the Gulf <rf Bothnia. In their answers they stated : 

Ist^ Hiat they could not conceive the possibility of the land rising, but were of 
opinion that the sea liad hvcn sinking gnidually in the Gulf of Bothnia^ the fiUl du- 
ring the last thirty years amounting to two feet, or thereabouts: 

2adly, They had never seen any of the marks cut in the rocks in )820 ; but from 
other m/gmmum tbcy infiml Ibat the fidi of the waters in tiie last JGimrtieen years, 
in the ndghbonrhood both of Sandavall and HemSaand, was from six to eight inches : 

9rdly, 'Iliey had found it necessary in their own time, in consequence of tbe je» 
tiring and shaUowing of the watcfs, to remove their stati<ms or fialung^posts nearer 

to the sea : 

4thly, They could point out examples uf large blocks of rodi which had been 
moved and even coaiVeyed from one ptaod to another by io^ both, tbe-shoves d the 
islands of theGdlfof BoHiinanndm fhosectf the mwn land. '. ;:>' 

I shall now pass ovei* from the shores of the Baltic to the opposite coast of Sweden 
between Uddevalht ami (intlienbiir^, a district from 2')0 to r?00 miles south-west of 
that before described, and ubuut three degrees of latitude farther south. The deposits 
eontidning recent shells at UddevaUa, raised in sfune spots to the heif^C-of more ^han 
two hundred £ngSsh ftet 'above tfaA sea,: havb long been oelebnited \ -ns libl> the disj- 
coveiy, mndlj byM^ Alexandre BaoMmiiAin', of bonmcles attached to elevated rocks 
of gnpiss on the spots w here they must hare grown. I was desirous of seeing this 
phenomenon, as it appearerl to me that it might throw somt li^hi ni tin- time which 
has elapsed since the shelly beds were rsused from the sea ; lur il the liuiam iiud been 
exposed in the open i^r 'ever rinioelhn emergence of the reeiks:te whieh they were 
fixed, it oouldthnnily be.snpiMised tfaat tiie time had been indefinitely gnat, shioe In 
that case the shells nnistbBT« been decomposed. The fiict recorded hy M. Brongniast 
was, I believe, observed at ranrl1backen,immediatdy south of Uddevalla, where there 
is a narrow valley in the gneiss, the bottom of which is filled up with a great deposit 
of shells, sand, and clay, which rise, according to Hisinger, at their greatest eleva- 

* 8m V«it Hbvf, Art I. p. 4SS. 
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tion 206 Englisli feet above the sea*. I ^parched in vain for the Ralanl round the 
boundary of gneiss at its contact with tiie t>cds of sliclls, as also on some insulated 
rocks uf gneiss which hud been newly laid bait: by the workmen, the shelly matter 
being removed as materiats for the repair of the roads. I presume, however, that it 
was in just such a ntuatioo as that last mentioned that M. Brononiabt foaod the 
adhering barnacles; for under similar circumstances I aftenvards found them in 
another place, called Knrcd, about two miles north of Uddevalla -f-. Here a mass of 
white shells has been laid open to the depth of forty feet, in a quarry resembling 
sioguloi-ly, when seen at a distance, one of our chalk-pits. Although nov«r two 
miles fiporo the nearest sea, and a hundred feet or more above it, they evidently 
fill wliat has onoe been a narrow channel, or fiord, bounded by roclcs of gneiss. 
The di-|)osit noM' forms a flat iidatid meadow, the ft-rtillty of which is c*ontra£ted 
with the steep and l>arrrn rocks wliich rise above it on all sides. It consists here 
almost exclusively of broken and entire shells, which lie in thin stitUa. Utey have 
been used largely both for making lime and for road materials ; and the mnoval of 
part of them lias exposed a ledge and precipice of gneiss, which thejr most previously 
have covered to some depth. Adhering to the face of this precipice, I found the 
circular sripports of many lar^e Jialmu. Some of these supports (see Plate II. 
figs. 38,39.) were three (juarters of an inch in diameter ; and being white, they spotted 
the rock, so as to present at a distance exactly the appearance of lichens. I also 
found in borisontal clefts between the rocks pendent barnacles, fixed to the roof so 
firmly tliat I was able to break off pieces of the hard gneiss on which the shells still 
remained attached. In some places small zoopliytes (Crllppora} Lam.) were ad- 
hering to the rock or to the Brtlam ; and I also found some of the Celiepores with 
the support of the Baluni partially covet ing them. These corals and adhering shells, 
therefore, must have grown upon the gneiss before the acenmalation of diift shells 
had filled up this valley, once a submarine hollow. I had always Imagined ^t the 
shelly fomations near Uddevalla resembled ancient beaches of the ocean idiich had 
been upraised, l)uf tlieyare in fact !?tratified formations of sand, clay, and gravel, and 
in several places almost entirely of shells, whicli have filled up at some former period 
the deep iiays and liordh uf a sea like that now bounding this coast. The quantity 
and variety of the shells at Capellbacken, Knred, and BrSeke reminded me of the 
deposits of Grignon and Damerie in the Paris basin \ but it is enrious to refleet, that 
althongh the shells are almost equally well preser>'ed in both these regions, they are 
specifically so distinct, that in the one it is scarcely possible to find a i-eccnt species, 
while in the other nearly all, perhaps every one of the species, iielong to the German 
Ocean. The list of the shells which I collected here in one day will be found at the 
end of this paper; and although it will probably give but an imperfect idea of the 

♦ Anteckningnr, &c., v. p. 81. 

t M. BioMoxiAiT ttyi that he found the banucles " un peu M detm de rum caquilli«r," (IUjIcui de* 
T«rr, p. 89) : but this bmj nibr to trhat thca renniiwd offhe Adlj mma. 
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entire number which might be found, it will serve to show that a considerable variety 

exists here. 

Tlie dittcrence uf this assemblage of shells from tiie tossils which I had before ex- 
amined near the shores of the Baltic was very striking. A considerable proportion 
of the whole mass, especially at Kvred, was made np of the loose valves of a large 
hamacle (Battanis tuUpa, — see Appendix), to which I imntniu- the large supports be- 
long which covered the surface of the gneiss at Kured. These supports exhibit a 
number of concentric rin^s nf rn owth, often very regular (see Plate TI. fijjs. ;is, 30.). 
When the animal died, the slieli set iiis to luive been easily broken otT from the lock, 
and we must suppose successive crops of them to have been supplied for ages before 
such enormous heaps of stratified shells were amassed. The Batamu tukatut is also 
very common, of a large size^ remmning entire, with its support. Some of these I 
saw fixed to the rock as before mentioned ; but generally they are found adhering to 
valves of th(" MytUus edults, or lurcrc va!\'es of the Pectcn i\!(uuricu\, of which last 
the colour is presen'ed. Not one of these Malant, nor any species of that genus, in- 
habits the Baltic. The shell next perhaps in abundance to the large Ualanus is Sajri- 
eavA rugosa, oi which the valves are often <^ extiaordinary thioknesa, and must have 
belonged to veiy aged individuals. The two valves are sometimes united ; but I 
never found them lodged in any cavity either of a rock or xoopbyte : perhaps they 
may have inhabited the roots of large sea-weeds. (See remarks on this shell in the 
Appendix.) The thick shells of Mya truncatu are also in great qnantitv; and the 
Mi/fihts erhlis four or live times larger than in the Baltic, and retaining much of its 
colour. A Fu^us also {Murex Rumplilm, Mont.) occurs in profusion. 

I found at Uddevalla many bivalve shd]a,in which small holes had been drilled by 
predaceons Traehelipodes, whereas among the fossils near Stockholm and Upsala 1 
could never meet with a .single bivalve so perforated; and there are, I believe, no 
aoophag-ous Mn//iiscii now livinjr in the Baltic. 

From Uddevalla I went to the small island of Gulholmen (see Map), in the parish of 
Morlanda, part of the coast not tar from Uddevalla, where Celsius declared, at the 
beginning of the last century, that the sea was sinking. On my way I crossed Orust, 
an island about fourteen miles in diameter, consisting chiefly of micaceous schist, form- 
ing low hills a few hundred feet high, resting upon which, at dififerent elevations, are 
beds of sand, ^n avel, and clay, sometimes entirely destitute Of shells, but often inclos- 
ing many recent shells, for tlie most jiart the same species as at Uddevalla, but with 
the addition of the Ostrm edulis and CerUitiuin reticulatum. I met witli some of these 
fossils between Ilogan and Morlauda in a blue clay, which seemed to lie at a higher 
elevation than any of the shells nMr Uddevalla. The features of the scoiery in the 
interior of Orust are predsely such as we might suppose the present coast to exhibit 
if it should be lifted up with its small islands, rocks, and friths, and if the intervening 
level flats, where sand, mud, and shells are known to be now arrnrnulating, should 
be laid dry. An account was given me of the finding of an anchor near Morlanda, 
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in a valley, the lower part of which liad gained considerably iu extent, within the 
memoiy of peraoni now livinc^, by the ratmit of the WAters. In descending to EUeloi 
on the easteni ooast, oppodte the idimd of Gulholmoi, I observed shelly deposits 

about fifteen feet Above the level of the sea, in which were many specimens of the 
Ostrea edulh, Saricmm rtigosa, Cerithium rrdriilatuni, and other '^lu lls, some of which 
I had seen at Uddevalla, and others cast up uu the shores hi Oiu^t. 

In regard to the island of Gulholmen, Cblsius tells us that in his time forty pilots, 
none of vhom were under sixty years of age, having lieen assembled there, had nnaF. 
nimonsly declared to one Mr. Kalm that there was only fifteen feet depth of water in 
places where in their youth there had been eighteen feet. He also mentions that one 
of the pilot?; pointed out a small rnck near Gulholmen, then rising two feet above the 
water, which, when he was a child, was not visible *. 

The present inhabitanti^ as fer as I conversed with them, an entirely ignorant of 
anysneh statements havuig been recorded a century ago; but on my demanding 
whether the water stood now at tlic same level as in their younger days« they unani- 
mously det'liiii'd that it did nut. Mr. Bruncrona, in his nieinoir before cited, men- 
tions that on an insidiited rock tailed Gullesklir, near tlie harbour of Gulholmen, 
there was an n un ring to which ships were moored, and that this ring, when mea- 
sured in 1830, was eight feet above the level of the water. Unfortunately, no parti- 
culars are given t and as bolb the chief pilot of 1620 and another who assisted him 
in the measurement were dead at the time of my visit, I could not ascertain with 
certainty from what point of the rin^ they had liegim tlieir measurenient, nor the 
means they had taken to secure accuracy. Having obtained ttie assistance of Jouan 
WuNSCH, now chief pilot, I found the point where the ring is fixed into the rock to 
be only sevoi feet five inches above the level of the sea, which was then dedared to 
be at its usual levd, a very slight wind only blowing from the north-north-west, and 
there Ijeinp^ never any tidt-s in the sea here. The iron rin.', which has reiruiined for 
tiiore than half a century in its present jilaue, is fifteen inches in diameter, and the 
top of it stands more than eighteen inches above the level uf the rock when it is 
erect, in which portion I found it, thus (see fig. 1 2), having been so placed for the sake 
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of dr^'intr tlie fresb paint, with which it had been just covered; but the islandeni 
suppose (tie measure to have been taken from the bottom, or point where the staple 
enters the rock, which 8eem$ most probable. Curicwitf led a great many of the 
inhabitants to accompany me» and when I declared that the height of the ring was 
seven inches less above the water than that recorded by Bruncrona, many of the 
older men with one accord pronounced thifs to be impassit)k'. and said that tlie for- 
mer observation must bavf hccu incorrect, for that tlie sea must, on the contrary, 
have fallen since 1820. borne of them affirmed that the pilot wlio received orders in 
1820 to make the measurement was ignorant in what manner to proceed, the place 
of the ring not being perpendicularly over the water, and he Iiaving no instrument 
for levelling, so as to ascertain that the Una wMch lie first carried out from the ring 
was strictly horizontal. Wliethor there was any foundation fi>r tliix < ltarir<' I rrmnot 
pretend to decide ; but I mention it as proving that the ifslanders believe lliat there 
is a change of level going on. It may be useful to those who may make future 
measurements to state what l«tigth cS fine it required to reach from the iron staple 
of the ring to the nearest point of tlie rock to which the sea comes up, this point 
being now exactly in the direction north-west and by north of the ring. I stretched 
flie rope from one angle to another of the roek, not applying it to the surface of the 
intervening hollows, and found its length to be fifteen feet tive incites and a iialf. As 
the Gulleelcary however, is by no means well cfaoeen for the &cility of observatlcms, I 
had a new mark cut on the face of a vertical cfiif on the south side of the harbour, 
about a hundred yards from the post-house. 1 subjoin a copy of the mark, the lower 
part of which was cut in my preseucc, and winch tiie eliief pilot pro- _ ,« 



mised to see completed. The horizontal line M as c\it six inches above 
the water-level, and the vertical line at the right end of it, six inches in 




length, was terminated at the bottom by a short cross fine, which tlie / 
surfiwe of the wuter just covered. The vertical depth of water bdow ' ■ - 



the mark was four feet two indies and a half. I may suggest, that 
whenever horizontal lines or any marks are made, like that of St. Olofs Stone be- 
fore mentioned, not at the level of the .sea, but at a certain height above it, on a ver- 
tical face of rock, there should always be a perpendicular line cut down to the then 
existing level of the water, to fkcilitate subsequent observatkms and prevent roislBkes. 
Marks cut at given heights above the standard level are perhaps the best, as th^are 
not concealed by a temporary rise of the water. 

Before leaving Gulholmen I visited the Skefverskiir, an isolated rock which, ac- 
cording to the testimony of several old people, wiUi always covered, except at very low 
water, about forty years ago. In their younger days, before the year 1/99, when the 
present church of Gulholmen was bmlt, th^ went to church at MoHanda, and passed 
near this rock, the exposure of the summit of which was a well-known sign to them 
of a particular state of the weather. This r<^<A< is now always seen except when the 
sea is very high. I found the highest point of it to be sixteen inches above the level 
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of the water; and its extifino Icnirtli from i-fist to west, iucluding a detached poiut at 
uae end, measured At'ty-twu feet four inches ami a half. 

Firom Ottlholmea I went to Mantntnd^ an islaiid abonl tmsMy o^ks to the aontb, 
in order to observe another of the marlcs enumerated bjr Brvnciiona. I fint re 

ti-ossid tlie ferry at Svansund to the main land, and then t)as8ed to that of Tjufkil, 
which leads to Koon. On the shon> :it Tiiifl%!! T found a bed of oysters and other 
shells*, five or six feet tliiek, witli [)ebbles intcrniixetl, risiiig^ to the heigiit of t»ixtcen 
feet or more above (lie water. The oysters, which were in_ great number, all belonged 
to the OffrM edtUitf vbich U taken on this ooast ; and the other shells were the aamie 
M at Vddevalband EUelfle, with the additkm of Jhnma sirmim. This sheOy deposit 
has been overwhelmed by a ^reat ftll of rock from the steep hdglitB of gndss behind, 
some of the fragments wbieli cover the shells beinjc;^ about nine feet square. 

Not fur from the harbour at Marstrand is an artiticiui cliannel, which, in the year 
1770, was cut through an isthmus which formerly connected two parts of Koon 
island. Hie excavation was made through a mass of clay and sand with shells, simi- 
lar to that of Tjufkil, already mentioned ; so that there can be no doubt that there 
must originally have been a natural passnn:e in tliis place. One Captain Constant, 
who superintended the dig-^ing" of the channel in l/z^j caused a mark, of which the 
following is a sketch, to be liewu on the face of a vertical rock of micaceous schist 
on the shore of Koon, nearly opposite Marstrand. 



An horizontal line, ten inches lonfj. is seen twenty-one inches below the bottom 
of the last cipher. This line I found to be just ten inches above the level of the 
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water. My observation was made on the lUtli of July 1834, sixty-four years after 
the mark wu cnt. Nov my boatmen stated that the horizontal line was origi- 
nally inteDded to express tbe lowest level to which the sea feU at the time of dig- 
ging the Koon canal ; and this inforination was confinncd by Mr. O. J. WssTsacK, 
who resides in the immediate neigh bonr hood. On my applying to this gentleman to 
learn whether the water at the tinio of iny observation might he considfrcd as un- 
usually loWf be said tlmt m the wind was easterly, the sea was certainly below its 
mean level, bat it had by no meeni readied its extreme point of depresskm^ tor there 
stiU was water in the Koon canal, immediately opposite his villa ; whereas, after the 
prevalence of a strong easterly wind for two days, the sea foils so low that certain 
parts of this canal are dried up. Uv sugi^^ested, therefore, that by nipasnririf; tlie depth 
of water in those parts of the ranal wliicli dr%" tip, and adding that dcptli to tlu' ten 
inches which I had already ubluiued below the mark only half an hour before, I 
should ascertain the point of extreme low water as compared to that of 1770. We 
accordingly foand that the water in the piaoes alluded to was fourteen indies deep j 
so that the lowest water now is two feet below the maximum of depression sixty-four 
years ajro. Mr. Westbeck said that he had always heard from liis father that the 
mark, which was cut the year he was born, was intended to express the lowest level 
of the sea doriog the digging of tbe canal in i jj^>. 

I have already stated that there is no tide on the coast here, a circumstance which 
seems very extraordinary} but all the pilots and seamen agree in asserting the fact. 
A strons^ wind off the shore causes the water to fall two or three feet, and to rise as 
much if it be in the opposite direction. Xotwithstaniling these oeeasional oscilla- 
tions, the inhabitants pretend to deterunuc whether the bea is two ur three inches 
diove or below Its standard level. I was shown here, as at other places, rocks which 
forty or fifty years ago coald rarely be seen, but are now permanently above watar. 
I was also told of numerous rocky channels where boats could once pass, but which 
had now grown too shallow, and of meadows which were yielding frotn time to time 
a larger quantity of bay, in consequence of their incieased extension on tbe side 
towards tbe sea. 

I know not how roach farther to the south the same signs of a rise of the hind have 
been observed, but it is certain that the narrow frith in which tbe port of Gothenburg 

is situated has been gradually 611ing up, in such a manner as would happen if the same 
cause of ehantre wa<? cooperating there with the deposition of river-sediment. It is 
well known that in the sixteenth century the ancient port was placed twenty milci» 
fiirther up, and called LSdese ; and this was afterwards removed farther down, and 
called New LOdes^ to distbgnish it from what remmned of the more ancient har- 
bour. Bat now the newer of these places is called Gainmie Staden, or tbe oU town, 
and h a mile or more above Gothcnlnu'g^. 

On tlic banks of ttie river at Gothenburg I found a deposit of bbie clay, tilled with 
a great variety of recent marine shells. Among others, Lutraria comprcssu ; Muctru 
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subtruHcata, very abundant ; Tellina solidula ; Donajr trunculus ? Dillwyn ; Cyprim 
idattdieat fonts giJluuit Carditm eduk, iJttmina liUorea, Twrifella tereAro, Battel' 
htrm peg peUemit and IhrcemtMt reHaUaium, This part of the estoaiy is noir always 
filled with fresh water, except on rare occamons, and for a short time, when a strong 
wind drives tlic sea up the river, and causes the wafer to rise six feet, in which Luse it 
becomes bruckisii. At different heijrhts above the sea, in the valley of the Gotlia Klf, 
between Gothenburg and Trolhattaii, luunue siielln have been found similar to those 
of Uddevalla. 

Some persons who have been long resident in Qotbenbnrg pointed out to me, as a 
proof that the water was falling there, that the roclcs Several feet above the highest 
water-mark were bare and uncoloured, by which they meant that no lichens grew 

upon them. 

A Mmilar remark bad been made to me at Tjufkil, Svansund, and other pla(^ on 
this coast. It seems probable that some species of lichen may reqoire a much longer 
time to e8tabli8h themselves on newly exposed rocks than others ; and I OOuld ob* 
sen-e di.sfiiictly, near r;u(lKTil)iii-ji:, that some kinds approaehed nearer the water's 
ed^^e than others, and tliat tiie variety of species became greater and the colour dif- 
ft't cut on ascending to greater heights. It would therefore be an interesting point for 
a geologist snfllciently skilled in botany to determine whetluw the extent of the lidiens 
and mosses downwards towards the water on this coast, where the rocks are aopposed 
to be always rising, presents different phenomena from the line of vegetation on other 
coasts, where the relative level of the land and sea is known to have remained sta- 
tion a ly. 

On many parts of the eastern coast, above described, the sea freezes iu severe 
winters in the Skftr ; that is to say, among the rodu and islets which skirt the main 
land, and where there is almost slways still water. As I have before mentioned the 
accounts which I received of the transporting power of ice in the Gulf of Bothnia, 
it may he well to state some faets bearing- on the same subject which 1 learnt at 
Gothenburg. In the harbour of that port there are a great number of strong wooden 
piles, called dolphins, three or ficmr feet m circamference, the lower parts of iHnch 
are sunk to a considerable depth in the mud, and firmly fixed in it, so that vessels 
may be moored to their tops. As these dolphins are annually frozen in, it is found 
neecisary to hieak tlie ire ronnd them ; but sometimes this has been neglected, and 
Mr. Harrison, the English Vice-Consul, informed me, that on such oeea«-ions he has 
known a great number of the piles drawn up together out of the mud six feet per- 
pendicular, a rise of the river having caused the ice to float up to that amount. 

Mr. Wbstbsck of Marstrand, to whom I have already alluded, mentioned to me, 
that ha\ ing been formerly employed in the Swedish Diving Company for thirty years, 
he liad opportunities of witnesshi-^ the extraordinary power of ice to lift up from the 
bottom of the sea and remove to a distance very heavy masses. In two instances the 
ice collected round sunlten vessels which were under his charge, and having frozen 
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round them, floated them off with their caigo and ballast from shallow iato deep 

water. 

1 shuU now &tate some general conclusions to which 1 have been led by tlie obser- 
TOtioiu above described. It is endent from tbe position of the fossil shells of recent 
spedeti on the coast of the Baltic between Gefle and Sodertelje, and on the shores of 

the ocean between Uddevalla and Gothenburg, that tbe tract of land (see Map, 
Plate T.) which once Separated the two seas in tliis region was much narrower at a 
coiripai ately modern period. Shells like those of I ddevuMa have not only been found 
a few miles due east of that place, but as far inland as Trolhattan in digging the 
csLtx&l tbere*; and Still farther in tbe interior, about fifty miles from tbe coast at 
TVuenddalersbacken, and other places near Lake Rogvarpen In Dalsland,on the west 
side of I^e Wener (see Map, Plate L). Of these fossite an account wUl be seen in 
the works of Mr. HiSIMGSR, to whom we arc indebted for a valuable geological map 
of the whole of the south of Sweden. They are found in Dalshmd about as far above 
the sea as near (Uldevalla, or about two liundred feet high ; so that when they were 
deposited, we must suppose tbe whole of tliat extensive Lake Wener, the surface of 
which lies at an inferior lord, to have formed part of the ocean. On the other hand, 
when the marine shells of the environs of Upsata, Stoclcholm, and TorshlUa lived In 
the Baltic, wc nin^t sappose tbe whole of Lake Maeler to have been a bay of that sea. 
Now the distance between tbe nearest points of Lakes Wener and Maeler is only 
about seventy English miles, whereas there is more than three times that di'itance be- 
tween Stockholm aud Uddevalla, tlie nearest points at whicli tlie two seas now ap- 
proach each other in the same direction. It is very desirable that Swedish geolog^ts 
should pavmt this subject still fiirther, and ascertain precisely how &r the shells of 
the two seas can be traced inland In opposite directions. 

In crossing from Stockholm to SSdertdje, Arboga, Orebro, Mariestadt, and We» 
nersborg to Uddevalla, I passed the summit level of the country, about half-way be- 
tween the Haltic and the ocean, near Uotiarne, where the hills, asVoNBucH remarks, 
do not probably exceed five or six hundred feet in height. I found erratic blocks 
scattered widely over the whole of this country, but they were much lai|;er and more 
numerous on tbe eastern than on the western watershed. There were also deposits 
of stratified sand and gravel on the heights, but I was never able to discover any 
shells in them, nor in the blue clay in the lower grounds bordering the lakes, except 
very rarely, and these were of freshwater species; as, for example, at the place before 
mentioned near Lake Maeler not far from Torshiilla, between Smedby aud Kongsor. 
It will natwally be asked, whether the appearance of the interior is generally such 
as would agree with the hypothesis of a gradual rise, acc<Htfiog to which we must 
suppose that every tract has in its turn been first a shoal In Uie sea, and then for a 
time a shore. It appeared to me, on comparing both the eastern and western coasts 
and their islands with the interior, that the geological appearances and physical 

* See Hiimou'* AnteclmingVi vol- iv* p- 42. 
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features of those parts of the country which I exaintaed answered well to all the 
conditions of such a theory. In jmsmng' froin G«fle to Fahlnn, and from thence to 
Sala, I found the nnmber of emtie blodn very great, as navr on the islands and 

chores of the Bothnian Gulf; whereas on the opposite or western const they are 
snialliT in size and quantity, both in the interior of the country around Uddevalla 
and (.iothcnburg, and at the sea-side in the eoutiguous Skiir. I saw some considenihle 
boulders overlying the deposits of recent hiiells at Capellbacken near Uddevalla, a 
phenomenon analogous to that described near Upsala, where these huge erratic blocks 
rapose upon the sand-hills, cliai-actcrixed by fossil shells of Baltic species. The trans- 
portation, therefore, of tliese rocky fragments into their present position continued 
after the period when the modem shelly forniiitions of both roasts were iiccnmitlutcd ; 
and it may he inferred from sevemi tucta uteiitiuned in this memoir, that the drifting 
oS Budi blocks may now be going on by means <tf ice every year. I am at a loss to 
oonceiTie from what data some geologists have infisrred the simultaneons dispersion 
of the erratic blocks of the North of Europe ; but it would cany me into too wide a 
diprrcssion should I endeavour to controvert that theory. I enn. however, confirm the 
stuteuient of Professor IIausmann, that, in the ridges of sand and gravel, the hirgest 
blocks occur in tiie highest parts of each ridge ; a fact which seems to me to point 
to the mode in wlUch they may have been drifted into th^r present position. For if 
these ridges were originally siuul-banks In the sea, as the marine shells found in 
some of tbein incline me to believe, the summits of such banks would have arrested 
the protrress of icc4sland8 which might transport fragments of rock in the manner 
before suggested. 

In regard to the propondon, that the land in certain parts of ISwedcn is gradually 
rising, I have no hesitation in assenting to it afker my visit to the districts above al- 
luded to. Independently of the geological proo6 derived from strata containing recent 

shells, the evidence in favour of an n[)war(l movement consists of two kinds : tir>t, the 
testimonv of the inhabitants ; and secondiv.the altered level iadiciited bvartifieiul n)arks 
cut in the rocks. More than one generation has passed away since Crlsius recorded 
the stories of pilots, fishermen, and the inhabitants of two opposite coasts alGefle 
and Gulholmen respecting the increased extension of land and apparent sinking of 
the sea. It was at the same places that I heard precisely similar accounts from per- 
sons now living; so identical, indeed, that if related, they would appear mert> repe- 
titions of the wokIs ol Celsius, with scarcely any change except in the names of tlie 
witnesses. But 1 am aware, from what I myself experienced when readutg formerly on 
this subject, that it is not easy to convey to the minds of those who do not viat the 
country, the impression made by the testimony now under consideration, deriving as 
it does almost all its weight from an accumulation of minute particulars, each, sepa- 
rately considered, of but small imi)oi-tanre. 

From what 1 saw at Calmar and Stockholm as compared with Oregrund and Gefle, 
I have no doubt that the rate of elevation is very diferent in different places ; and iu 
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the vmih of ScuualecNild notaaoertdn^ dther fromthe tendmonyof tiie fadaMtante 
or from any wppemnets on the oonst, that the dii^tast change of rdative level can 
be detected. The diiference of about three feet in a oentory, indicated by the mai^ 
at LSfgnindei, and of aI>out two feet in sixty-four years, by that of Marstrand, are 

in such complete accordance with the results of the surveys of Bruncrona, HXh- 
8TROM, and others, as to lead me to place entire reliance ou the conclusions to which 
tb^ have airived from a hrga nnmber of data* and respecting a totitocy of much 
greater extent The d^t amomit of diffisrence between the level of the sea and the 
marks of 1890 which I observed at Orcgnind and Gefle, although corroborating the 
same result, are undoubtetlly in themselves of small value; and a difference of level 
amounting only to about four or six inches may be easily attributed to accident or 
the particular state of the weather at the time of my visit. Subsequent observers 
might find the same marks submerged beneath the waters; but I neverthdess be- 
lieve, that if the summer season and a calm day be selected, so that the circumstances 
shall corrcsfjond with those under which the marks were originally cut, tliere will be 
found to have been a real depression of level, to the amount of several inches, in the 
course of the last fourteen years. 

Be this M it may, I may be allowed to oongmtutete tiie sdmtific world that this 
wonderfiil plwuonienon is every day exciting incrtased attention among the pbiloso- 
phers of Swetei, and especially of Professor Bumuus, who^ in his reports to the 
Academy of Sciences at Stockliolm, has already recorded many valuable observations 
on the levels of the water of Luke Maeler at different seasons, and who is understood 
to be now exerting himself to secure more frequent observations in future of the marks 
in the Bothnhm Gulf. It is only by multiplying such- measarements, and repeating' 
them within short intervals of time, that we shall be able to determine whether the 
movement of the land be osdllaUny or always in one ^rectioni and whether it he la- 
termittent or constant. 



Amimnc. 

Litt fif FoasU SheUt/rom tke Omatry near Siockhohn. 

Naom. Obtemtioat. 

1 . TeUlna Baltica. Vwf, U» The variety of this shell, found fossil in sand and marl at 
PL II. figs. 1. &2. Solna, Bninkyrka, and Sodertelje, where it h associated 

with littoral shells, is smaller, thinner, and deprived of 
epidermis, resembling those which I collected in the sand 
on the shores of the Gulf of Bothnia and at Sol^tsborg. 

MDCGCXZEV. p 
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TOUMBalHca, Vsr.ft. 
Fl.II.fig8.3.&4. 



2. Cardium eduU, Var. 
PL II. %. G. 



8. JIfyf tlw 



4 . Lfffnrhia lit f area. (7W- 
6o lUtoreus, Linn.) 



This variety of T, halHea tras finind in stiff bhw cby 

between Sniedby and Kongsdr (see page 10), as also at 

Ulfvu, near I'psala (seepage 14). It is larger, thicker, 
and covered with a strong green epidermis ; but tbei% \9 
a papsaf(e between it and the preceding variety. 

Tliis Cardium is generally of a small size in the brack- 
ish watei*s uf the Uultic, and ot'teu more elongated trans- 
versely than individuals of the same spedes in the ocean. 
This transverse form is seen in the fosnls found at Solna 
and other places near Stockholm mentioned in the me- 
moir; and Mr. Gray tells me that the same variety has 
been observed elsewhere in brackish waters. But indivi- 
duals of the more ordinary form, though tit a dwarfish 
size, are also found living in the Baltic, and fossil In the 
localities above mentioned. 

The variety of this sheil, vhich occurs fossil at Solna, 

Brankyrka, Sodcrtelje, Ulfva» &&, is small, about half an 
inch long, like that now inhabiting the brackish waters 
of the Baltic. It is almost always found in a state of de- 
composition, and converted iuto a violtt-toloui ed marl. 

Found fossil at Solna, Brankyrka, Siiderteljc, Sker- 
plinge, and other places bordering the Baltic. I found va- 
rieties of different ages, but never any which approached 
the larger rise which the same species often attains on 
the bwders of the ocean. 



5. Utiarma tnM», (7W<fo A yooug specimen of this occurred fossil inth the for- 
ruiu.) merat Briiokyrka ; also in the violet-coloured marl from 

Niidendal in Finland, given me by Colond Hallstrom 
(see page 22). 



6. iJUarina erumor, (TVr- 
bo ertumr). 

7, Pabidma uloai Fl. II. 
fig. &. a. b, €, 



I found specimens of this at Solna. 

A great number of small univalves, of which I have 
given figures, are found fossil witli littoral sliell?< at Solna,. 
Brankyrka, and Sodertclje, resembling those which occur 
generally in the sands of the shores of the Baltic, as well 
as ou those of dw ocean between Uddevalla and Gothen* 
burg, llie three prindpnl varieties which are figured are 
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Name*. Obaemtioot. 

selected from the different localities of foBsilB before men- 
tioned near Stockliolm. In var. a there are five volntinns, 
which are of a squarish form ; in var. h five, which are 
rounded ; and in var. c six, %vhich are rounded. On com- 
paring a great number of individualSj there appeared to be 
so many pasBa^ieB from one form to another aa to raider 
it diiBcnlty if not imposrible, to establish distinct spedes. 

8. Idgma pana. (7W£o IfonndatBr&ikyrkaafevindimdiialswliichMr.GxAr 

parvus, Mont.) referred to this species. 

0. NeriUm ^fiuviatiUs. A small black variety of this species was met with at 

BrSnkyi k;t which I also saw recent in abundance on the 
shores o[ Muen, in Deauiark. Dr. Beck, of Copenhagen, 
regards it <us a ditilinct species. It is smaller than the 
same shdl living in fresh water. I fonnd some varieties 
both fbaril at Brinkyrica and recent at GrlsS^ nearGefle, 
which had the ordinary colours 4^ the N.fmnaUUs. 

10. BuSmm btMau, Fossil at BrSokyrka. (See page 6.) 



U$t of Fossil Shells from UddevaUa, on the West Coast tf Sweden. 



Nimet. 

1. Pholas entpaia, 

2. Mya truncata. 

3. Anatina mtfulU, Lam. 
(Ml/a ptAescemSf Turt. 
UgulapubesetHS, Mont.) 

4. SaxieaiM rt^gasii. (My- 
tilus mgosus, MoMT.) 
Pi. II. figs. 24—39. 



I met with one valve cmly of this species, at C^li- 
boclcen, near UddevaUa. 

Found in very great abundance around Uddevalto. 

I met with one very perfect specimen, with its liga- 
ment, fossil near UddevaUa. 

The small individuals, figs. 28, 29., wonld be caUed by 
some condiolog^sts Matella arcHca » but many natnralp 
ists are now of opiiuon that the ahdis called Saxiemta or 
HiateUa rvgosa {SfytUus mgosus, Linn.), and the THa- 
tella arctica, are not specifically distinct ; and the fossils 
which I collected in great abundance at UddevaUa con- 
firm me in this opinion. This shell is mure abundant 
perhaps than any other, and some individaalsare of great 
thiclcness, and must evidently have been very aged (see 
fig. 27')' I never fimnd any of them lodged in cavities in 
f2 
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Obserrmtuxis. 

rocks, and I presume that they must have lived in the 
roots of fuci, in which fiitoation tbey are sometimes met 
with on our coast. 

Common at Capcllbacken. 

I found one individual, which ?ppms nnt distinguishable, 
in size or sliupu, cither frow the fossil or recent T, bal- 
Hca of the neighbourhood of Stockholm. 

Shell rather convex, transverselyelliptical, thin; its sur- 
fiice strongly farrowed s fbrrows rouiidedj about rixteen. 
Lunette deep, dliptical. lAteral tooth slender, eloo- 
gated, more transverse than the recent Astarte Oarmntf 
•nd with somewhat fewer furrows, but perhapi a variety 
of the same ? 

8. Aitarte. Rgs. 19>20. Shell convex, transversely elongated, but less so than 

the former ; both the anterior and posterior margius more 
rounded than in the preceding ; rather thin } its surface 
atrcmgly ftarrowed s furrows deep, rminded, about sixteen. 

Lunette deep, lanceolate, elongated. The lateral tooth 
slender. Perhaps, like the former, r variety of A. Ga- 
rensis, to which it approaehes nuu li lu arer. 

9. Astarte. Figs. 21, 22, Shell compressed, suborbicular, slightly truncated on 
23. the pobterior margin ; thin ; its surface rugose, marlced 

witii many traaaverse fiuvofwa when young. Lunette 
deep, lanoeolatcs, abort, pointed. Lateral tooth small, 
abort Fulcrum Um^, 

10. Cardium edule. 

11. AfytUus eibUit, In great abundance, and preserving a portion of its 

colour ; about two inches in length. 

12. Modioht harhata. From Kured. 

13. Pectea hUmdicu$. In great abundance, often preserving its colour, and 

covered with Balani. 

14. Terebraiaia. PI. II. A single perforated valve is all that I found of this 
figs. 32, 33. genua. 

15. Polstti, allied to leilH- This PaiMt ia refenbla (o the genus LoUm, Gkay, 
dmaria,CaMMH, (P.Cfe> (FhiloBaphical TVunsactions, 1834.). 

landiyStm,) FI.IL figS. 
30,31. 
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5. Tellina triangularis. 

6. T.BatHca, 

7. Astarte. Figs. 17, 18. 
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16. Patella Noachinti, 
Chemn. {Punctwclla, 
Lmiri.) RII.fig8. 13,14. 

l7'MargarUa4itiata,hoi 
(7VpcAtMr»LAN.) 

bo Uttoretu, Lnm.) 

19. Littoruut} Plate II. 

fig. 10. 

20. Turritella} Plate II. 
hgs. 11, 12. 

21. NatkOf allied to N. 
dttuM, ¥L II. figs. 7, 
8,9. 



22. Felut'ma,GfiKi, PLII. 

figs. IS, 16. 

23, FitsM. {Murex rum- 
phitu, Mont.) 

96. jBsAmm niibaftM. 



37< Balanns tutipa. (Lepas 
tul'ipa, MuLLER, Chem- 
nitz, viii. t. 92. f. 832.) 
PI. II. figs. 34, 35, 36, 
Sr, 88, 88. 



Ob«cr\uttons. 

Mr. G. SowERBY informs me that this species has been 
lately found fossil with other recent shells, at a slight 
deratieo abo?e the lerd of the eea near Glaagow. 



Some yoang individuals at Uddevalla retain tbeir co> 
lour in gnat perfection. 

The shell here figured has lost its outer coat, and may 

perhaps belong to the genus Littnriita. 

Ttiis shell is very like a worn Scalaria, but perhaps 

belongs to the genus Tttrritella. 

This shell is coutmon at Uddevalla, especially at Kured, 
^ and difien deddedly from the iVl g^mebia, having a lew 
flattened apiv^ and being more Tentricose, I presume that 
it is the N, ^mtdna of Mr. HisiNGBa*s list of Uddevalla 

shells. 

Probably IMm /eee^i^to, Mont. An imperfect specie 

men. 

Very common. 



Abondant. 

Very abundant, and of large lise, and occurs at* 
tached to oUicr shells and fixed to the rocks of gneiss, 
(see p. 35.) 

Mr. Gray informs me that this shell is not noticed by 
Lamarck, ami that it differs from other Bahn! in the 
subfitauce of the shells being solid, and the base being 
only longitudinally grooved on the inner side; also in the 
ride edges cf the Talves bebg entire and not crenalated. 
By the aid of these characters Mr. Gray has formed of 
this and a few other species which arc in the collection 
of the British Museum, a particular section, to which he 
has given the name of Chirona. This I presume is the 
species called B, UiiuaUatrii m some itf the Swedish 
lists of UddevaUa fossils. It is of great sise, frequently 
three or four inches long. The supports, figs. 38 and 39, 
were found adhering in great numbers to the'fiu» of the 
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Namn. Ob^en'ations. 

rooks of gneiss, and they appeared to me, from their large 
aise, U> belongs to this species. 
A^vt. {Etianome- Fifaginettto of tluaEieAwiwirorefiwindatQq^ 

4..JI \ Ira.) PI. II. figs. 40, 41. near UdderallBy and thejr have been pnt together as re* 
^ presented Plato U. figs. 40, 41. 

This oollecti<Mi of Uddevalla fosrib nmst be vwy uicompleti^ as they are only such 

as I could obtain by diligent search, and with assistance, in one day. I did not meet 
with Pileopsis Ungarica, but Mr. HisiNaaa showed me specimens of that shell whicb 
be obtuoed there. 



Detcript'um of the Piatbs. 
Flats I. 

Map of part of Swed^i, to hidicato the principal localities referred to in the pre- 
ceding paper. 

PI.&TB II. 

Figs. 1, S. TdHmt BalHca, var. a, firom Solna, Biinkyrka, and S8dertelje. (See 
Appendix, p. 33.) 
3, 4. The sarar, var. h, from Ulfva. (Appen. p. 34.) 
Fig. 5. Paludimi iilruf, tlirce varieties, from Solna, Br&nkyrka, and Sddertcijc. 
(Appen. p. 34.) 

fl. Transverse variety of Cardittm editk, from Sdna. (Appen. p. 34.) 
Figs. 7t 8. 9. NoHca, allied to N, etmua, from Knred. (Appen. p. 87.) 
Fig. 10. Littorina ? of which the outer coat is lost. (Appen. p. 37>) 
Figs. 11, 12. Turrllella} (.'Vppen. p. 37.) 

13, 14. FateUa, Law . ( A ppeii. p. 37.) 

15, 16. FebOma, (Appen. p. 37.) 

17> 18. Ul$ktrte, (AppMi. p. 86.) 

19, 20. Astarte. (Appen. p. 36.) 

21, 22. 23. .htirrtc. (.\ppen. p. 36.) 

24, 25, 26, 27, 2H, 29. Saxkava nigosa, from Uddevalla. (Appen. p. 36.) 
30, 31. Patella. (Appen. p. ao.) 
32, 88. Tw^/ratuUt. (Appen. p. 36.) 

84, 86. Large valves of Balamu iuUpa, from Uddevalla. (Appen. p. 870 

36, 37. Opercular pieces of the same. (Appen. p. 370 

3^39. Supports of tin- same - (Appen. p. 37 ) 

40, 41. Echimu (Ediniometru}^ from Capelibacken. (Appen. p. 380 
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11. Note on the Electrical Relations of certain Mefab and MetalUferom Minerals. 
By R. W. Fox. Communicated by Davibs Giuibrt, Esq. F.R.S. 



Received and read January 15th, lUZi. 

I HAVE ascertained that the crystallized grey oxide of manganese holds a much 
higber place in the eiectro-negative scale than any other body with which I have com- 
pared It, when immerBed in various adda^ and alkaline aotutiona ; and the other metals 
aad minerals which I have examined^ appear to rank after it in the following order : 

ISfanfranese, 



1 ■) 



These five hold nearly the same place, varying in their taa^ 
tual relations according to the time of their remaining im> 
>mersed, and the natnrt' of the liquid. 

The same may in some degree be said of the three other 
bodies indnded in the laiger bracket. 



lUiodium. 
Loadstone. 
Flatina. 

Arsenical pyrites. 
Plumbago. 

Iron pyrites. 
Arsenical cobalt. 
Copper pyrites. 
Ptirple copper. 
Galena. 
Standard gold. 
Copper nickel. 
Yitreons colter. 
Silver. 
Copper. 
Fsnbinss. 
Sheet iron. 

I have also compared the action of difTerent metaUifiwons combinations in various 

diluted acids, &c. on the nrcrllc of the galvanometer, and some of the results are given 
in the following Tabic, in which cases sea-water, and also muriatic acid diluted with 
thirty-two parts of water, were employed. The figures show the angles of deflection 
obeerved when the needle became stationary, which may serve to give some idea of 
the relative effect of the combinations in qnestion on the needle ; but I find that the 
resnlto are often conndcrably modified by the bodies being exposed for a longer or 
shorter time to the action of the acids, &c.; indeed this is so remarkable in the case 
of copper with zinc, that the needle often mnvrs back much more than ten dr<rrct>« 
from its maximum angle of deflection in oiie or two minutes after inimerjsion ; 
whereas in the case of iron with zinc, for ex^implc, the iiumediate retrograde motion 
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of the needle is veiy inconridenble, and it is still less. If anything, when some of the 

ore<< are substituted for one or both these metals. May not these phenomena depend 

on the relative degrees of tenacity with which tlie electric elements are retained by 
different bodies, it being apparently greatest in the case of compound bodies r 
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If we r^rd the dectrical relations <^diflierent metallifierons minerals in a geologi- 
cal point of view, it ie curious to olnerve how nearly many of those which are nsnally 
assodated in the same veins agree in this respect, their reciprocal voltaic action being 
generally very small. Were it othenviso h may be assumed thnt the evidences of 
decomposition in situ would be much luurc decided and general than they now are. 
There is, however, a sufficiently strong action in some cases to account for the electro- 
magnetic phenomena which haTe been obsmed in copper and lead vdns : thus, when 
copper pyrites and vitreous copper form a voltaic combination in water taken from a 
mine, or even in spring water, they are capable of producing considerable deflections 
of the needle. It is not, therefore, Kiirprisintr, that when two parallel veins, or two 
portions of the same vein separated by imperfect conductors, are connected with the 
galvanometer, the action on the needle should be very decided. The degree of in» 
fluence on the needle does wot seem to depend, in the case of roetaUlferous minerals, 
upon extensive voltaic surfaces ; for only one or two tneku ^ nafme may produce 
nearly the maximum effect in deflecting it, if the wire used in the galvanometer be 
small. Hence, the considerable deflection, which has been sometimes observed when 
two masses of ore were connected by the wires, proves that their reciprocal action, 
taken ha the aggregate, must be very great $ and it appears to be highly probable that 
the metalUferous veins, and perliaps even the rocks themselves, impregnated as they 
are with different mineral waters, and thereby rendered imperfect conductors, if not 
exciters of electricity, may have an important influence in the economy of nature. 

* Hm oontMt of the wire with the manganese and other mtMrdt ww produced hy jurcaturc onlj, aad the 
«{flfliecliaiw trauU doobdaat been giMMr if tin oont^ 

\ I \aam MMTtained that the electro-magnetic action of mineral T«fau WU til* tttne wbidMr caii|ier or imc 
candneton wm emplojed for making the contact with the am. 
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IIL Experimental Retearchet m Ekciridty. — Ninth Seriet. Bjf Michabl FARADAy, 
i).CX. F.RJS, Fhtterian J>rqf. Chem, »^ luHtutiM, Corr, Memb, Royal md 
Imp. Acedi. of Saences, Paris, PHershurg^ Fbremx, Copenhagen, Bet^, ^c. ^c. 

Rceched Deoember 18, 18a4<— Raad Jmmuy 99, 18S6. 

1&. On flic influence htf induiiioii of an Electric Current on itt^s and 
on the inductive action of £lectric Ourente genera%* 

1048. The following InvestigatiMis relate to a very remorlcable indnctive action 
of electric currents, or of the difTerent parte of the same current, and indicate an 

immediate connexion between such inducfivp action and the direct transmission of 
electrietty throtigb conducting bodies, or even thut exhibited in tiie forin of a spark. 

1049. The inquiry arose out of a fact coiauiunicated to ine by Mr. Jenkin^ which 
ie as folloire. If an ordinary tHre of short length be naed as the medium of eonunn- 
ideation between the two plates of an electromotor consisting of a ringle pair of 
metals, no manageinrnt will enable the experimenter to obtain an electric shock from 
this wire ; but if the wire which surrounds an eleetro itiag-nct he used, a shock is 
felt each time the contact with the electromotor it> broken, provided the ends of the 
wire be gra.sped one in each hand. 

1050. Another efifeet is observed at the same tinie» which has long 1>een known to 
idulosophers, namely, that n bright electric spark ocean at the ptece of disjunction. 

1051. A brief arcnnnt of these results, with some of a corresponding ciiaractcr 
which I bad oliserved in using lung wires, was published in the Philosophical 
Magazine for 1834*; and I added to them some ubiiervations on their nature. 
Farther inyestigations led me to perceive the inaocnracy of my first notions, and 
ended in identifying these elTects with the phenomena of induction which I had been 
fortunate enough to develop in the First Series of these Experimental Researehes'^. 
Notwithstanding this identity, the extension and the peculiarity of the views respect- 
ing electric currents which the results supply, lead me to believe that they will be 
found worthy of the attention of the Royal Society. 

1052. The electromotor used consisted of a cylinder of nne introdoeed between the 
two parts of a double cytinder of copper, and preserved from metallic contact in the 
nsual way by corks. The zinc cylinder was eight inelies high and four inciies in 
diameter. Both it and the copper cylinder were supplied with stilT wires, surmounted 
by cups containing incrcury ; and it was at these cups that the contacts of wir^, hc- 

* Vgl. V. p. 349. t PiulMophic«l Tnuuectioiu, 1832, p.^ 126. 

MDGOCXXXV. O 
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liceSj or electro-magnets, used to complete the circuit, were made or broken. These 
cnpe I will call G and £ throogfaoiit the rest of this paper (1079.). 

1058. Ceetma kdicetweste constracled, some of whkdi it will be necessary to de- 
scribe. A pasteboard tube had four copper wires, one twenty-fourth of an inch in 
thickness, wonncl round it, each forming a helix in the Siime direction from end to 
end : the convolutions of each wire were separated by string, and the superposed 
hdices prevented from toacbiDg by interreniiig calieQ. Tlie leqgtbs of tlie wirea 
fimniiig the helicei were 48, 40*11, 48, and 45 fe^. Tlie first and thiid wires were 
united together so as to form one consistent helix of 06 feet in length ; and the se* 
cond and fourth wires were similarly united to form a r;econd helix, closely inter- 
woven with the first, and *)4'5 feet in length. These iielices may be distinguished by 
the numbers i and ii. They were carefully examined by a powerful current of electri- 
cily and a galvanometer, sad fonnd to have no communication with each other. 

1064. Anodier helix was couetmcted upon a rimOar pasteboard tobe, two lengths 
of the same copper M'ire being used, each forty-six feet long. These were united into 
one consistent helix of ninety-two feet, which therefore was nearly equal in value to 
either of the former helices, but was not in close inductive association with them. 
It maj be distinguished by the number vL 

1055. A feurth helix was eonstructed of vety duck copper yfire, being one fifth of 
an inch in diameter ; the length <tf wire naed was leven^-nine feet, independently of 
the straight terminal portions. 

1056. The principal elecfro-magnet employed conHistcd of a cylindrical bar of soft 
iron twenty-five inches long, and one inch and three quarters in diameter, bent into 
a ring, so that the ends nearly touched, and surrounded by three coils of tiiick copper 
wire, the similar ends of which were fastened together; then each of tliese termina- 
tions was soldered to a copper rod, serving as a conducting continuation of the wire. 
Hence any electric current sent through the rods was divided in the helices surround- 
ing the nog, into three parts, all of which, however, moved in the same direction. The 
three wires may thnefore be consideied as representing one wire, of thrice the thick- 
ness of the wire really used. 

10&7* Other electro-magnets could be made at pleasure by introdndng a soft iron 
rod into any of the helices described (1053. &c.). 

1058. The galvammeter which I had occasion to use wa<^ rough in its construction, 
having but one magnetic needle, and not at all delicate in its indications. 

lOSO. The eiects to be considered depend an the eonduetar employed to complete 
the oommmtioation between the sine and cojqiier plates of the dectromotors and I 
shall have to consider this CMlductor under four different forms : as the helix of an 
electro-magnet (1056.); as an ordinary helix (1053. &e.) ; as a long extended wire, 
having its course such that the parts can exert no mutual influence } and as a short 
wire. In all cases the conductor was of copper. 

1060. Ttie clibcts are best shown by the ^eeiro^magiut (1050.). When it was 
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used to rr iijjiite the communication at tlie electromotor, thetv^ was no sensible 
spark on making contact, but on breaking contact there was a \ cry large and bright 
spark, with emuadeiMt combtution of the mercury. Then, again, with respect to 
the shodc : if the bwads were moisieaed in salt and water, and good contact between 
them and the wii«t Ktained, no shock cotdd be felt upon wutl^ contact «t the de&> 
tromotor, but a powerful one on breaking contact. 

1061. When the helix i or iii (1053. &c.) was used as the connecting conductor, 
there was also a good spark on breaking contact, but none (sensibly) ou making 
contact. On trying to obtain the riiock from these heiicee, I could not succeed at 
fint. By joining the similar ends of i and ii so as to make the two helices equivalent 
to one helix, having wii-e of double thickness, I could just obtain the sensation. Using 
the helix of thick wire (1055.) the shock was distinctly obtained. On placing the 
tongue between two plates of silver connected by wires with the parts which the 
hands bad heretofiire tooched (1004.), there was a powerftd abode oo breaking con> 
tact, but none on maiang contact. 

1062. The power of producing these plienomena exists therefore in the limpk helix, 
as in the clectro-mag:net, although by no meanc in the same high degree. 

1063. On piitting a bar of soft iron into the lielix, it became an electro-magnet 
(10570» ^d its power was instantly and greatly raised. On putting a bar ot copper 
inio the helix, no change was produced, the action being that of the helix alone. Tkb 
two hetioM i and ii, made into one hdix of twofold length of irir^ produced a greater 
effect than either i or & done. 

1004. On descending from the helix to the mere long wire, the following effects 
were obtained. A copper wire, 0'18 of an inch in diameter, and 132 feet in length, 
was kdd out upon the floor of tlie laboratory, and used as the connecting conductor 
(1059.) ; it gave no scnrible spaik on making contact, but produced a bright one on 
br^ing contact, yet not so bright as that from the helix (1061.). On endeavouring 
to obtain the electric shock at the moment contact was broken, I could not succeed 
so as ?n make it pa.ss through the hands; but by nsing two silver plates fastened by 
small wires to tlie extremity of the principal wire used, and introducing the tongue 
between those plates, I succeeded in obtaining powerflil shocks upon the parts of the 
month, and could easily convulse a flounder, an eel, or a flrag. None of tiiese infects 
could be obtained directly from the electromotor, i. e. when the tongue, firag, or fish 
was in a similar, and tlierefore comparative manner, interposed in the course of the 
communication between the zinc and copper plates, separated cvei'^'where else by the 
acid used to excite tlie combination. The bright spark and the shock, produced only 
on breaking contact, are therefore effects of ilie same kind as those produced in a 
higher degree by the beli]^ and In a still higher degree by the electro m a^^net. 

1065. In order to compare an extended wire with a helix, the helix i, ( ntaining 
mnet\ six fect, and ninety-six feet of the same-sized wire lying on the lloor of the 
laboratory, were used alternately as conductors : the former gave a much brighter 
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spark at tlip moment of di«!jnnetion tli;in the latter. Again, twenty-fight feet of cop- 
per wire weve made up into a lielix, and beings used gave a good spaik an disjunction 
with the electroBftotor ; being then inddenly puUed ont and again employed, it gave a 
much smaller spark than before, althoagh nothing hot its q»iral arrangem^it had 
been changed. 

lor.ri As the superiority of a helix over a wire is important to the philosophy of 
the ettcct, I took particuhir pains to ascertain the fact with certainty. A wire of cop- 
per sixty-seven feet long was bcut in the middle so as to form a double terauiiation 
wUch ooold be commimicated with the dectromotor; one of the halves of this wire 
was made into a helix and the other remained in its extended condition. When these 
were used alternately as the connecting wire, the helix gave l)y much the strongest 
spark. It even gave a stronger spark thaa when it and the extended wire were used 
conjointly as a double conductor. 

1067. When a «Aor^ wire is nsed, all these effects disappear. If it be only two or 
three inches lonf , a spark ean scarcely be porceived on breaking the jdnction. If it 
be ten or twelve inches long and moderately thick, a small spark may he moi-e easily 
obtained. As tlie length is increased, the spark becomes proportionately brighter, until 
from extreme length the re<iii*«'tance offered by the metal as ft c<mdactor b^ns to in- 
terfere with the principal re^sult. 

1068. The effect of doogation was irt\\ shown thus : 114 feet of copper wire, one 
dghteenth of an inch in diameter, were extended on the floor and ned at a conduc- 
tor ; it remained cold, but gave a bright spark on breaking contact. Being crossed so 
that the two terminations were in contact near the extremities, it wn% again used as 
a conductor, only twelve inches now being included in tlie circuit : the wire became 
very hot from the greater quanti^ of electricity passing through it, and yet the sptirk 
on breakfaig contact was scarcely visible. The experiment was repeated with a wire 
one ninth of an inch in diameter and thirty-six feet long with the same results. 

1069. That the effects, and al!?o the nt tion, in all these forms of the experiment are 
identical ; is evident from the manner in wiiieli the former can be gradually raised from 
that produced by the bhorte.st wire to that of the must powerful electro-magnet : and 
this capability of examining what will happen by the most powerful apparatus, and 
then experimenting for the same results, or reasoning from them, with the weaker ar- 
rangeitients, is of gre^it advantage in making out the true principles of the phenomena. 

10/0. The action i.s evidently dependent upon the wire wliieh serves as a onii- 
ductor ; for it varies as that wire varies in its length or arrangement. The shortest 
wire may be. considered as exhibiting the full effect of spark or shock which the 
electromotor can produce by its own direct power; all the additiomd' force which 
the arrangements descriiied can excite being due to some affection of the current, 
either permanent or momentary, in the wire itself. That it is a momentarf/cfTt'ct, pro- 
duced only at the instant of hmtking contact, will be fully proved (1089. 1 100.). 

1071. No change takes place iu the quantity or intensity of the current during the 
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time the latter is continued, from the moment after contact is made up to that pre- 
vious to dlnmion, excq»t what depends upon the increased obatracdon offered Co 
the passage of the eleotridly liy a long wire as compared Co a short wire. To ascer- 
tain this point with regard to quantity, the helix i (1053.) and the galvanometer 
: 10'j8.) were both made parts of the metallic circuit used to connect the plates of a 
small dectrouiotor, and the deflection at the galvanometer was observed then a soft 
iron core was put into the helix, and as soon as the momentary effect was over, and 
the needle had become stationary, it was again observed^ and found to stand exactly 
at the same division as before. Thus the quantity passiikg through the wire when 
the current was continued was the same either with or without the soft iron, although 
the peculiar ctilcts occurring at the moment of disjunction were very different in de- 
gi%e under such variation of circumstances. 

That the quality of mfoutty belonging to the emstanC cnrrent <M not vacy 
with the drenmstances fovonring the pecuBttr results under consideration, so as Co 
yield an explanation of those results, was ascertained in the following manner. The 
current excited by an electromotor was passed through short wires, and its intensity 
tried by subjecting different substances to its electrolyziug power (9i2. 966. &c.) ; it 
was then passed through the wires of the powerful electro-magnet (1056.), and again 
examined with respect to its intensity by the same means and found unchanged. 
Again, the constancy of the quantity passed in the above exi>crimeDt (10710 adds 
furtlier proof that the intensity could not have varied ; for had it been increased upon 
tlie introduction of the !<(ift iron, there is every i-easou to believe that the quantity 
passed in a given time would also have increased. 

1078. The fact is» that under many variatiODa of the experiments, the permanent 
current hm In force as the e&cts upon brealcing contact become exaUed. This is 
abundantly evident in the comparative experiments with long and short wires (1068); 
and is still more strikingly shown !>y tlie following- variation. Solder an inch or two 
in length of fine platina wire (about one hundi-edth of an inch in diameter) on to one 
end of the long communicating wire, and also a similar length of the same platina 
wire on Co one end of the short commabication ; then, in comparing the effects of these 
two communications, make and break contact between the platina terminations and 
the mercury of the cup G or E (lO/O.), When the short wire is used, the platina will 
be ignited by the constant current, Ijecause of tlie quantity of electricity, but the 
spark on breaking contact will be hardly visible ; on Ui>ing the longer communicating 
win, wUdi by obstructing will dimidsh l3a» current, the platina will remain odd 
whilst tiie cnrrent passes, but give a bright spaik at the moment it ceases: thus the 
strange result is obtained of a diminished spark and shock from the strong current, 
an'! ineref(«e<1 effcfts from the weak one. Hence the spark and shock at the moment 
of disjunction, although resulting from great intensity and quantity of the current at 
that moment, are no direct indicators or measurers of the intensity or quantity of the 
constant current previonsly passing, and by which th^ are ultimately prodw»d. 
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1074. It is highly iiuportant ia vaaag the qutric as aa indication, by its relative 
brig^taeBBj of these dfects, to bear in mind certain cirenmstaaoes oooneeted witii its 
prodnotion and appearance. An ordinary electric spark Is understood to be the bright 
appearance of electricity passing suddonly through an interval ( f air, or otiirr hndly 
conducting- matter. A voltaic spark is sometimes of the same natuvL', [)ut, tri ni r ally, 
is due to the ignition and even combustion of a minute portion of a good conductor'; 
and that is especially the caae when the eleetnHnetor consists d bnt one or few pain 
of plates. Tins can be very well observed if either or both of the metallie snrfiiees 
intended to tonch he solid and pointed. The moment they come in contact tin Cur- 
rent passes ; it heats, ignites, and even burns the toiu hing points, and the appearance 
is as if the spark passed on making contact, whereas it is only a case of ignition by 
the current, contact being previously made, and is perfectly analogous to the ignition 
of a fine platina wire conneetin; tlie extremities of a voltiuc Imtterr. 

lOTS, When merenry constitutes one or both of the surfaces used, the brightness of 
the spark is greatly increased. But as this cflfcct is due to the action on, and probable 
comlHi=tion of, the metal, such sparks must only be compared with other sparks also 
taken from mercurial surfaces, and not with such as may be taken, for instance, be- 
tween soriheeB of platina or gold, for then the app^ranoea are &r less bright, though 
the same quantity €t electcicity be passed. It is not at all unlikely that tlie com- 
monly occurring circumstance of combnstloii may aflbct evca the duration of the 
light ; and tliat sparks taken between merenry, copper, or other combustible bodies, 
will continue for a period sensibly longer than those passing between platina or g-old. 

1076. When the end of a short clean copper wire, ^tached to one plate of an 
electro m oto r , la brought down carefhlly upon a anrfiuse of merenry connected with 
the other plate, a spark, almost continnonsy can be obtained. Tliis I refer to a 8uc<»s- 
sion of effects of the following nature : first contact, — then ig^nition of the touching 
points, — recession of the mercury from the meclianical results of the heat produced at 
the place of contact, and the electro-magnetic condition of the parts at the moment*, 
—breaking of tibte contact and the prodoctionof the pecdiar intense eflect dependent 
thereon,— 'renewal of the cmttaet by the retnndnf anrfhoe of the nndnlatbg menmiy, 
— 4Uid then a repetidoo of the same series of effects, and that with anch rapidity as to 
present the appearanop of a continued discharge. If a long wire or an electro-magnet 
be used as the connecting conductor instead of a short wre, a similar appearance may 
be produced by tapping the vessel containing the mercury and making it vibrate ; but 
the sparks do not nsually follow each other ao rapidly as to prodnoe an apparently , 
emtinuous spark, because of the time required whw the longirire or electrcMoagnet 
is used both for the foil devdq»ment of the cnirent (1 101. 1 106.) and for its complete 
cessation. 

1077' Returning to the phenomena in question, the first thought that arises in the 
nund ia> that the electricity drcnlalee w^ mmeHu^ Uka at s a mrfMs i or McrfHi In 

* QoMtsriyJoiBiiilflf 8dMNji«LsB.p.490. 
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the wire, and that thus a long wire produces effects at the instant the corrent is 
stopped, which a short wire caimot produce. Such an explanation is, hoirevtr« at 
once Bet aside bjr the feet, that the same length of wire pfodocee the eflbcts in veiy 

diflbrent degrees, according as it is simply extended, or made into a helix, or forms 
the circuit of an electro-magTiet (1069.). The experiments to be ndrlnced (1089.) 
will still more .strikinj^Iy show that tlie idea of mompntum cannot apply. 

1078. The bright spark at the electromotor, and tha shock iu the arms, appeai'ed 
eridently to be due to m« canrent in the long^ wire, divided into two parts by the 
doable cbannd aflbrded dmmgfa the body and through the dectromotw ; for that 
the spark was evolved at the place of disjunctl<m with the electromotor, not by any 
direct action of the latter, ))ut by a force immediately exerted in the wire of comma* 
nicatiun, seemed tu be without doubt (1070.). It followed, therefore, that by using 
a better conductor in place of the human body, the whole of this extra current might 
be made to pass at that place} and time be separated from that which the slectro- 
motor could produce by its immediate action, and its SteeHon be examined apart 
from any interference of t}ie original and oriLrinating current. This was found to be 
true ; for on connecting the ends of the principal wire together by a cross wire two 
or three feet in length, applied just where the hands had felt the shock, the whole of 
the extra cnnent passed by the new channd, and then no lietter spaik« than one 
prodndble by a short wire was obtained on dii^ancti<»i at the electromotor. 

lOJ^ The current thii^ s< [ a ited WIS examined 1^ galvanometers and decom- 
posing apparatus introdur. d into the pourmj of this wire. I will alwajrs speak of it 
as the current in the cross wire or wires, so that no mistake, as to its place or ori> 
giu, may occur. In the wood-cut, Z and C represent the zinc and 
copper plates of tlie electromotor ; G and E the cops of mercury 
whore contact Is made or broken (1052.) ; A and B the tennina- | 
tions of D tlie long w ire, the helix, or the electro-magnet, tiscd to *" 
complete the circuit ; N and P are the cross wires, which can 
either be brought into contact at x, or else have a galvanometer 
<10S8.) or an dectrolyzing apparatus (319. 316.) interposed there* | 

Hie production of the alkocA Irmn the current in the cross wire^ 
whether D was a long extended wire, or a hdtx, or an eleotro-magnet, has been 
already described (tont. loei. 1060.). 

1080. The spark of the cross-wire current could be produced at * in the loUowing 
manner : D was made an electro-magnet ; the metallic extremities at x were held 
dose together, or rubbed lightly against each other, whilst oontaet was broken at 
6 or £. ^yhen the communication was perfect at x, little or no spark appeared at 
G or E. When the condition of vicinity at .r wa.s favourable for the result required, 
a bright spark would p;is8 there at the moment of disjunction, none occurring at G 
and £ : this spark was the luminous passage of the extra current through the cross- 
wires. When tiiere was no oontaet or passage of currant at then the spark ap^ 
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pcared at G or E, the extra current forcing its way through the electromotor itself. 
The same re<!ults were obtained by the use of the helix or the extended wire at D ia 
place of the elect ro-uiag^net. 

1081. On introdudng' a fine platina wire at jr, and employing tbe electro-magnet 
at D, no visible effects occurred as long as contact was continued ; but on breaking 
contact at G or E, the fine wire was instantly ignited and fused. A longer or thicker 
wire could be so adjusted at x as to show ignition, without fusion, every time the 
contact was broken at G or £. 

1088. It is mther difficult to obtun Ibis tStet with helices or trirea, and for very 
simple reaatms : with the helices i» ii, or iii» there was such retardation of the dec^ 
trie current, from the length of wire used, that a full inch of platina wire one fiftieth 
of an inch in diameter could be retained ignited at tho rross wires during'- the con- 
tinuance of contact, by the portion of electricity passing thraufrli it. Urncc it was 
impossible to distinguish the particular elfects at the moments of making or breaking 
contact from this constant effect. 

1083. On u^g the thick wire hdix (1066.), the same results ensued. Proceeding, 
however, upon tbe known fact that electric currents of great quantity but low inten- 
sity, though able to tg-ntte thick wires, cannot pro<lticc that cfTect upon thin ones, I 
used a very fine platina wire at x, reducing its diameter until a spark appeared at G 
or £k when conteiet was brolcen there. A. qnarter of an indi <tf such wire might be 
introduced at * witiiout being Ignited by the amiimumce of contact at G or E ; but 
when contact was broken at either place, this wire became red hot; proving, by this 
nw-thod, the production of the induced cnrront at that moment. 

[084. Chemical devompmititm was next effected by the ci-oss-wire current, an cler- 
tro-magnet being used at D, and a decomposing appaiatus, with solution of iodide of 
potassium In paper (10/9.), employed at «. The condacting power of the connecting 
system ABD was suffident to carry all the primary current, and consequendy no 
cbemical action took place at x during the conttmimce of contact at G and E ; but 
whon contact was broken, there was instantly decomposition at x. The iodine 
apj[>eared against the wire N, and not against the wire P ; tliu.s demonstrating that 
the current through the cross-wires, when contact was brok^, was in the mwrse 
^rwtkm to that marked by the arrow, or that whidi the electromotor would have 
sent through it. 

1085. In this experiment a bright spark occurs at the place of disjunction, indi- 
cating ttiat only a small part of the extra cun-ent passed the apparatus at because 
of the small conducting power of the latter. 

1086. I found it difficult to obtain the chendcal eifects with the simple helices and 
wires, in consequence of the diminished inductive power of these arrangements, and 
because of the passage of a strong constant current at * whenever a very active 
electromotor was used (1082 ). 

1087. The most instructive set of results was obtaiaeU, however, when thcgatvano' 
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»ie/er was introduced at x. Using an electro-magnet at B, and continuing contact, 
a current was then indicated by the deflection, pioceediug lioia P to N, in tlie direc- 
tioti of the unow s the crow wire terring to carry one part of tbe electricity excited 
by the dectroinocor, and the arrangeaieiit ABD, as indicated by die arrows, the 
other and for greater part. The magnetic needle was then forced back, by pins 
rijipliod upon opposite sides of its two extremities, to its natural position when unin- 
Jluenced by a. current ; after which, contact being' hrokm at G or E, it was deflected 
strongly in the opposite direction ; thus showing, in accordance with the chemical 
eSbcfB (10S4.)y Hwt the extra ounrent followed a covTae in the croM wires cmtrary to 
that indicated by die arrow, e. the one produeed by tiie direct action of the elec- 
tromotor *. 

1088. With the helix only, these efFectf? could scarcely be observed, in consequence 
of the smaller inductive force of this arrangement, the opposed action from induc- 
tion in the galvanometer ndre itself, the mechanical condition and tension of the 
needle from the effect of blocking (1067J whilst the carrent dne to eontii|iiance of 
contact was passing round it, and other canses. With the extended wire all these cir- 
cumstances had still greater influence, and therefore allowed less chance of success. 

1089. These ex]>eriment8, establishing as they did, by the quantity, intensity,.and 
even direction, a distinction between the primary or generating current and the extra 
cnnent, led me to oonclnde that the latter was identical iHth the induced current 
described (6. SA.) m the first series of these Researches ; and this oinnioii I was soon 
sible to bring to pro<^, and at the same times obtained not the partial (1078.) but 
entire separation of one current from the other. 

1090. The double helix (1053.) was arrang^ed so that i .shonld form the connecting 
wire between the plates of the electromotor, ii being out of tbe current, mul its ends 
mioonnected. In this condition i acted very wdi, and gave a good spark at the time 
vbA place of disjunction. The opposite ends of ii were then ooonected together so as 
to form an endless wire, i remaining unchanged : but now no spark, or one scarcely 
sensible, could be obtained from the latter at the place of disjunction. Then, again, 
the ends of ii were held so nearly together that any current running rouud that helix 
shonld be rendered ^ible as a spark; and in this manner a apaik was obtained from 
S when the junction of i with the deetronotor broko^ia plaoe of appearing at 
the dtqoined extremity of i itself. 

1091. By introducing a galvanometer or a decomposing apparatu.s into the circuit 
formed by the helix ii, I could easily obtain the deflections and decomposition oc- 
casioned by the induced current due to the breaking coutact at helix i, or even to 
that oecasioDed by making ccmtact of that hdk with (he deetromotor i the results in 
both cases indicatinig the contrary directkns of the two induced cnrrwts thus pro- 
duced (96:). 

* It wuaMertuMdttperineatilfy.tlutif astnof 

the needle restminrd in ODC dlrectioa as above in iu natunl poailiaBt iriWB tbC COnvnt VM itglffitA, HO non- 
tion of the needle in the c^paaitc direction took place. 
MDCCGXXXV. H 
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1002. All these effects, except tln tsc of decomposition, were reproduced by two ex- 
tended long Hires, not hu\ iug the toriu of helices, but placed cloaa to each other ; and 
thus it was proved that tlie «vte cmratt oould be ranMivied horn the wire carrying 
the original current to a ndghboiiring wire, and. waa at the same time identified, in 
direction and every other respect, with the currents producible by induction (1089.). 
The case, therefore, of the bright spark and .shook on di$;junction may now be .stated 
thus : If a current be established in a wire, and another wire, forming a coinpiete cir- 
cuit, be placed poxaUel to the in^ at tiie moraHit thecurreat in the first is stopped it 
indnces a earrent in the eosie direction in the seoond, the first exhibiting tlwn but a 
fed»le spark t but if the second wire be away, disjnaclion of the first wire indaces a 
current in itself in the same direction, producing a stroFiir spark, 'llie strong spark 
in the sing-le long wiiu or helix, at the rnoment of disjunction, i.s therefore the equiva- 
lent of tlie current which would be produced in a neighbouring wire it such second 
onrrent wwe permitted. 

1099. Viewing the phenoanna as tiie results of tlie induction of electrical cnrrmts, 
many of the principles of action, in the former experiments, become far more evident 
and preci'-e Thus the difTerent effects of short wires, long wires, helices, and elec- 
tro-magnct.« ( 1 069.) may be comprehended. If the inductive action of a wire a foot 
long upon a collateral wire also a foot in length, be <^Merved, it wili be found very 
small ; bat if the same carrant be seat througli a wire fifty feet long, it will induce in 
a neighbouringwireof fifty feet a&r more powerful current at the moment of making 
or breaking contact, each succeH.sive foot of wire adding to the .sum of action ; and 
by parity of reasoning-, a similar effect .should take place when the conducting wire 
is also that in which the induced current is formed : hence the reason why a long 
wire gives a brighter spark on tweaking contact than a short one (1066.), although 
it carries much less electrimty. 

1094. If the long wire be made into a helix, it will then be still more effective in 
prodncine eparks and shocks on breakiriL'; contact ; for by the mutual inductive aef io!! 
of the convolutions each aids its neighbour, and will be aided in turn, and the sum 
of effect will be very greatly increased. 

1095> If an electro-magnet be employed, the e^t will be still more highly ex- 
alted « beeanse the iron, magnetised by the power of the continuing current, will 
lose its magnetism at the moment the ctirrcnt ceases to pass, and in so doing will 
tend to produce an electric current in the wire around it (37-38.), in conformity with 
that which the cessation of current in the helix itself also tends to produce. 

1000. By applying the laws of the induction of electric currents fiormerly deve- 
loped (0. &e.)t various new conditions of the experiments could be devised, which by 
their results .should serve as tests of the accuracy of the view just given. Thu.s, if a 
long wire be doubled, so that the current in the two halves .shall have opposite actions, 
it ought not to give a sensible spark at the nioinent of disjunction : and this proved 
to be the case, lor a wire forty feet long, covered with siik, being doubled and tied 
dosely together to within four inches of the extreraitin^ when wed In Uwt stat^ 
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gave scarcely a perceptible spark ; but being" opened out and the parts separated, it 
gave a very good one. The two helices i iuid ii being joined at their siniiiar ends, 
and then nied at their other extremities to connect the plates of the deetfomotor, 
thue oonstitnted tme long heliz« of which one half was i^ipoeed in ifirection to the 

other half : under these circumstances it guve scarcely a sensible spark, even wlien 
the soft iron core was within, although containing' nearly two hundred feet of wire. 
When it was made into one consistent helix of the same length of wire it gave a very 
bright spark. 

1097. I^nihr prooft can be drawn teom the mntoal indnctiTe' action of two sepa- 
rate currents (] 1 10.}{ and it ia important for the general prinmplei that the consist- 
ent aetion of two such currents sliould be established. Tims, two currents f^omg in 
the same direction should, if siiniiltaiieoiisly stopped ni»! o:u h other by their relative 
influence ; or if proceeding in contrary directions, bhuuid oppose each other under 
similar circnmstances. I endeaTOored at first to obtain two currents from two dif- 
fierent electromotors, and passing them through tlie helices i and ii, tried to effect 
the diajunclioine meclwnically at the same moment. But in this I could not sne^ 
ceed ; one wns always separated before the other, and in that case prodnfcd little or 
no spark, its inductive jjower being employed in throwing a current routnl the re- 
maining coutplete circuit (1090.) : the current which was stopped last always gave a 
Inight spark. If it were ever to beconm needfol to aecertian wbether two JooctianB 
were accoratdy broken at the same moment, these sparks would affiwd a test for the 
purpose, having an infinite degree of perfection. 

1 098. I was able to prove the points by other expedients. Two short thick wires 
were selected to serve as tenninatioos, by which contact could be made or broken 
with tim eleetrcwmtor. The oompomMl lidix, oonrieting of i and ii (105S.), was nd- 
josted BO that l3ie extremities of tlie two helices could be placed in communication 
with the two terminal wires, in such a manner that the current moving through the 
thick wires should be divided into t^vo equal portions in the two helices, these por- 
tions travelling, according- to tlie iriocie of connexion, either in the same direction 
or in contrary directions at pleasure. In this niauner two streams could he obtained, 
iNvth of whieb could l>e stopped simnltaneonsly, became the disjunction could be 
broken at G or F by removing a nngk wire. When the bcBces were in contrary 
^Brections, there was scarcely a sensible spark at tbe i^e of di^unction s but when 
they were in accordance there was a very bright one. 

1099. The helix i was now used constantly, being sometimeit associated, as above, 
irith Iwlix ii in an according direction, and sometimes with helix iii, which was placed 
at a little distance. The associadon i and fi, which presented two currents able to 
aflfect each other by induction, because of thdr vicinity, gave a brighter spark than 
the association i and iii, where the two streams could not CXert their mutual in- 
fluence ; but the difference was not so great as I expected. 

1 100. Thus all the phenomena tend to prove that tbe effects are due to an induc- 

h2 
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tive tiction, occurring at the uitjuu nt u hen the principal current is stopped. I at one 
time tlioujfht they were due to an uction continued duriug the continuance of the 
cnirent, and «q)ected that a ated magnet would have an influence aeoording to its 
position in the helix, comparable to that of a soft inm bar, in asristing the effieet. 
This, however, is not the case ; for hard steel, or a magnet in the helix, is not so ef- 
fectnal as soft iron; nor does it make any difference how the magnet is plarcd in the 
helix, and lur very t>impie reasons, namely, that the effect does not depeud upon a 
permanent state «^ the core, but achange of state, and tlmt tiie magn^ or bard steel 
camiot dnk through snch a difibrence of state as soft iron, at the moment contact 
ceases, and therefore cannot prodooe an. equal eSiesct in generating a comnt of dec- 
trici^ by induction (94. 97.). 



UOl. As an electric current acts by induction with equal energy at the moment 
of Its eiMnmencement as at the moment of its cessation (10. 26.), but in a contrary 
direction, the rrference of the eflbets nndcr examinadon to an indnctive action, wotdd 

lead to the conclusion that corresponding eflfecta of an opposite nature must occur 
in a ]ouir w\rr. n lidix, or an electro-magnet, every time that contact iV mndr wlih the 
clectrom(»tor. 1 iicse effects will tend to establish a resistance for the first uioment 
in the long cuuductor, producing a result equivalent to the reverse of a shock or a 
spark. Now it is veiy difficult to devise means fit for the recognition of such nega^ 
tive results ; but as it is probable that some pontive tSBont Is produced at the time, 
if we knew what to expect, I think the fiewfitcts beating upon this subject with which 
I am acquainted are worth recording. 

1102. The electro-magnet was arranged with an electrolyzing apparatus at r, as 
before described (1084.), except that tiie intensity of the chemical action at tiie elec- 
tromotor was increased until the electric current was just able to produce the fiwblest. 
signs of decomposition whilst contact was continued at G and E (10/9.) ; (the iodine 
of course appearing against the end of the cross wire P;) the wire N was also sepa- 
rated from A at r, so that contact there couhi he made or broken at pleasure. Under 
these circumstances tlie following set of actions was repeated several times : contact 
was broken at r, then broken at G, nest made at r, and lastly renewed at G ; thus 
any current from N to P due to irvalm^ of contact was avoided, but any addRional 
force to the current. from P to N due to making contact could be observed. In this 
way it was found, that a much greater decomposing effect (causing the evolution of 
iodine against P) could be obtained by a few completions of contact tliau by the cur- 
rent which could pass in a much longer time if the contact was continued. This I 
attribute to the act of induction in the wire A B D at the moment of contact render- 
ing that wire a worse conductor, or rather retanfing the passage of the electricity 
tlirouc^'h it for the instant, and So throwing a greater quantity of the electricity which 
the eh rtroinotor could produce, through the cross wire passaj^^e N P. The instant 
the induction ceased, AB D resumed its full power of currying a constant current of 
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electricity, and could have it hig'hly increased, as we know by thp former pypeii- 
iiieiiU (iU60.) by the opposite intluutive action brought into activity at the mument 
CMitact at Z or C WBS ftre^. 

1 108. A galvBaoncter was then introdaced at 9, and the defleetioii of .the needle 
noted whilst contact was continued at G and £ : the needle was then blocked as 
before in one direction (1087 ), so that it should not return when the current ceased, 
but remain in the position in which the current could retain it. Contact at G or £ 
was broken, prodncing at ootuae no viaible effect ; it mat then renewed, and the nee- 
dle was inttantly deflected, paning firom the bloeking-pb» to a poeitiiMi still forther 
from its natural place than that which the constant onnent could give, and tiios 
siiowing by the temporary excess of current in this cross conuniuiication, the tempo* 
rary retardation in the circuit A B D. 

1 104. On adjusting a platina wire at x (1081.) so that it should not be ignited by 
the cnntent passing tbrongb it whilst oootact at 6 and E was eoiaimted, and yet be* 
come red hot by a onrrent somewhat mon powerfid, I was readily able to prodnee 
Its ignition upon making contact, and again upon breakmge<mtact. Thus the momen- 
tary retardation in AU D on making contact was again sliown Uy this result, as well 
also aa the opposite result upon breaking contact. The two ignitjons of the wire at * 
were of cour^ produced by electric currents moving in opposite directions. 

1 106. Udng the helix o^y, I eonid not obtidn distinct deflections at doe to the 
extra effect on making ocmtact, for the reasons already mentioned (1088.). By using 
a very fine platina wire there (1083.), I did succeed in obtaining the igniting effect 
for making contact in the same maaaer, though by no means to the same d^ee, as 
with the electro-magnet (1104.). . 

1 106. We may also oonsider and eotimate the efleet on moU^ catdaei, hj trans- 
ferring the force of induction from the whw carryti^f the original cnrrent to a lateral 
wire, as in the cases described (1090.) ; and wc then are snre, both by the chemi- 
cal and galvanometrical results (1091.), that the forces upon making and breaking 
contact, Uke action and reaction, are equal in their strength but contrary in their 
direction. If, therefore, the effect on making contact re^julves itself into a mere re- 
tardation of the current at the flnt moment of its existence, it most be, in its degree, 
eqidvslent to the high exaltation of that same correntat die moment contact is broken. 

110'. Thus tile ease, under the circumstances, is, that the inteiuity and qoantity 
of electricity moving in a current ai-e smaller when the cnrrent commences or is 
increased, and greater when it UiiniDisiics ur ceases, than they would be if the in- 
ductive action occurring at these moments did not take place; or than they are in the 
orii^nal current wire if the indnetive action be transfened from that wire to a colbk 
teral one (1090.). 

1108. From the facility of transference to neighbouring wires, and from the effects 
generally, the inductive forces appear to be lateral, i. e. exerted in a direction per- 
pendicular to the direction of the originating and produced currents : and they also 
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appear to be accurately represented by the magnetic curveS} and closely related to, 
if not identical with, magnetic forces. 

1109. There can be no doubt thai the cn^jrent in one part of a wife e«n act by in* 
duction npon other parts 6f the «afli« wire whlob are lateral to the first, i. e. in the 
satiie tion, or in the parts which are more or less oblique to it (1112.)) just as it 
can act in proclucin^^ a current in a neighbouring wire. It is this which e^ives the 
appearance of the current acting upun itself: but all the experiments aud all analogy 
tend to show that the dementi (if I may m lay) of the cnrrenla^d not act upon ilieni* 
lelves, and so cause the effect in qneallon, but prodnce it by exciting currents in con* 
ducting matter which is lateral to them. 

1110 It is possible that some of the expressions I have used may seem to -imply, 
that the inductive action is essentially the action of one current upon another, or of 
one element of a current upon another element of the same current. To avoid any 
such condosion I nnist explahi more distinctly my meaning. If an endless wire be 
taken, we have the means of generating a current in it ;s hicli shall run round the 
circuit without adding any electricity to what wns previously in tiie wire. As far as 
we can judge, the electricity which appears as a current is the same as that which 
before was quiescent in the wire ; and though we cannot as yet point out the essential 
condition of difihrence of the dectrici^ at sooh times, we can easily recognise the two 
stales. Now wlien a current acts by indoctica upon conducting matter lateral to it, 
it probably acts upon the electricity in thai conducting matter whether it be in the 
form of a atrrmt or qinexcent, in the one case increasing or diminishing the current 
according to its direction, in the other producing' a current, and the nmoimt of the 
inductive action is probably the same in botli cases. Ileuce, to say tliat the action 
of induction depended upon tiie mutual rOktion of two or more torrents; would, ae> 
cording to the restricted sense in which the term current is understood at present 
(283. 517- 667.), be an error. 

1111. Sevcml of the effects, as, for instances, tho.se with helices (1 066.), with accord- 
ing or counter currents (1097. 1098.), and thobc on the production of lateral cur- 
rents (1090.), appeared to mdicate tiiat a current could produce an eftct <tf induction 
in a neighbouring wire more readily than in its own canying wire, in which case it 
wight Iw eipccted that some variation of result would be produced if a bundle of 
M'ire< were used as n rontlnrtor instesid of a single wire. In consequence the follow- 
ing exjii (inicnts were made. A copper wire one twenty-third of an inch in diameter 
was cut into lengths of five feet each, and six of these being laid side by side in one 
bundle^ had thcdr opposite extremities soldered to two terminal pieces of copper. 
This arrangement ooidd be used as a discharging wire, but the general current could 
be divided into six parallel streams, which might be brought dose together^ or, by 
the separation of the wires, be taken more or less ont of each other's influence. A 
somewhat brighter spark was, I think, obtained on breaking contact when the six 
wires were close together than when held asunder. , 
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1112. Another bundle, containing twenty of these wires, was eighteen feet long: 
the tenninal pieces were one fifth of an inch in diameter^ and each six inches long. 
This wn eonpaTed wltii ninetiwi ftat fai kngCh of coppor .«are one Mbof an indi in 
diaoMter. Hie Imndle gav« a aamller spark co braddng oonlaet than the latter» even 
when its strands were held together by string: when they were separated, it gave a 
still smaller spark. Upon the whole, however, the diminution of effect was not such 
as I expected ; and I doubt whether the results can be considered as any proof of 
the truth of the supposition which gave rise to theui. 

tU3. Hie indoeitive force by which two efements of one enrrent (1109. 1110.) act 
upon each other, appears to diminish as the line joining them becomes oblique tathe 
direction of the current, and to vanish entirely when it is parallel. I am led by some 
resiilf'i to suspect tliat it then even passes into the repulsive force noticed fjy Ampere*; 
wiiich is the cause of the e]e\'ations in mercury described by Sir Humphry DAVY-f-, 
and which again is probably directly connected with the qualitf of- intensity. 

1114. Notwithstflmding that the eifeets appear only at the naliiag and breaking 4^ 
contact, (the current remaining unafibcted, seemingly, in the interval,) I cannot resist 
the impression tbat there is f5omc connected and correspondent effect produced by 
this lateral action of the eleuifnt*; nf tlic rlcctric stream during the time of it? conti- 
nuance (60. 242.). An action of this kind, in fact, is evident in the magnetic relations 
of the parts of tlie cunrent. Bnt adn^tting (as we may do for the moment) the mag- 
netic forces to coDstitnte the power wiiieh prodnoss sndi striking and iiSetmA resalts 
at the commencement and tcrminati(m of a current, still there appears to be a link in 
the chain of effects, a wheel i" the physical mechanism of the action, as yet nnrecog- 
nised. If vve endeavour to consider electricity and magnetism as the results of two 
forces of a physical agent, or a pecnKar ooo^od of matter, as«ted in detenniiuite 
durections perpendicular to each otlier, then, it ^»pears to jm, tint we most contf der 
these two states or forces as convertible into nch otlier In a greater or smaller d^ree ; 
i. e. that an element of an dertric current has not a determinate electric forre and a 
determinate magnetic force constantly existing in the same ratio, but tiiat the two 
forces arc, to a certain degree, convertible by a process or change of condition at pre- 
sent unknown to ns. How else can a ctirrent of a given intensity and quantity be 
able, by its direct actioB, to saetain a state whidi, wlien allowed to reaet, (at the ces- 
sation of the original current,) shall praduce a second current, having an intensity 
and quantity far greater than the generating one ? This cannot result from a direct 
reaction of the electric force ; and if it result from a change of electrical into mag- 
netic force, and a reconversion back again, it will show that th^ differ in some- 
ibbig more than mere direction, as regards that agent in tlie eondacting wire wbidi 
constitutes their immediate cause. 

1115. With reference to the appmnce, at difitoent times, of the coatraiy elfeets 

* Recucil d'Observatioua Hectro-Dytwmiquet, p. 
t Fhilowphioa Tmmetiom, 1823, p. 155. 
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producerl by the making and breaking contact, and their separation by an inter- 
mediate and inditierent state^ this separation is probably more apparent than real. 
If tin etrndvetion of dectcicity be effiseted.by inbradoiii» or by any otber. mode in 
^icb opposite fofcee ue taceettively and lapidfy otdted and nentndised, tben we 
might expect a peculiar and contrary development of force at the commencement and 
termination of the periods during which the conducting; action should last (somewhat 
in analog^y with t he colours produced at the outside of an imperfectly developed solar 
bpectrum) : and the intermediate actions^ although not sensible in the same way, may 
oonttitate the very enence of eondnotifenBty. It is by views and reasons sncb as these, 
which seem to tne connected iritb the fbndunental laws and facts of electrical scienee, 
that I have been induced to enter, more minutely than I otherwise should liavedone* 
into the experimental examination of the piienouiena described in this paper. 

1116. Before concluding, 1 may briefly remark, that on using a voltaic l)attery of 
fifty pairs of plates instead <^ a single pair (1052.), the effects were escactly of the 
same kind. The spailc on maldng contact, fivr the reasona before given, was very 
small (1101. lIO70t that on breaking contact, very excellent and brilliant. The 
continuous di«r)iarg:e did not seem altered in character, whether a short wire or the 
powerful tlcctro-magnct were used as a connecting^ discharg^er. 

1117> The elTects produced at the commencement and end of a current, (which oi c 
sqiarated by an hiterval of time when that cnrrent is supplied from a voltaic appara- 
toe,) mast occur at the same moment when a oommon electrie dischaiige is passed 
through a long wire. Whether, if happening accurately at the same moment, they 
would entirely neutralize each other, or whether they would not still ^ive some defi- 
nite peculiarity to the discbarge, is a matter remaining to be examined ; but it is 
very proliabb that ibe pecnBar character and pungency of sparlcs drawn from a long 
wire depend in part upon the biereased intenrity given at tbe termination of the dis- 
charge by the inductive action tlien occarring. 

1118. In the wire of the helix of magneto dcrf He machines, (as, for instance, in 
Mr. Saxton's beautifnl arrani^i im-nt,) an itrjportant influence of these principles of 
action is evidently shown. From the construction of the apparatus the current is per- 
mitted to move hi a complete melisllic circuit of great length during the first instants 
ttt itt formation : it gradually rises in strength, and is Oen suddenly stopped by tbe 
breaking of the metallic circuit ; and thus great intensity is given bi/ induction to the 
electricity, which at thai moment passes (1064. 1060.). This intensity is not only 
shown by the briUiaacy of tlie spark and the strength of the shock, but also by the 
necessity which has been experienced of well insulating the convolutions of the helix, 
in which the current is formed ; and it gives to the cnrrent a force at these moments 
very far above that wUch the apparatus could produce if the principle wfaich fimns 
the 8id>ject of this paper were not called into {day. 

Rojfoi JbuiUutumt 
December 1834. 
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IV. On the Defermim/ion of the Terms in the Disturhing Function of the fourth order 
atrtgards the Eccentricith's and Inclinations which give rise to Seadar InequtJi- 
Hee. ^J.W, Lubbock, md Treat. tLS. 

lUeeiTCd October 16.— itaitd Nommber ao, 1834. 

HlTHERl '(> in the theory of the secular inequalities the terms in the disturbing 
function ot the fourth order as regards the inclinations have l>een neglected. As the 
magnitude of these terms depends, in great measure, upon certain numerical co- 
efficients, it is impoBdble to form any precise notion h priori with respect to tlidr 
amount, and as to the error which may arise from n^;lecting them. I liave tberefoi« 
thought it desirable to ascertain their analytical expressions ; and the details of this 
calculation form the subject of this paper. Some of the secular inequalities which 
result from these terms are far within the limits of accuracy which Laplace appears 
to have contemplated iu the third volume of the M^canique Celeste. 

The method which I have here adopted for developing thedistnrbing function rests 
upon principles which I have already explained*. Very little trouble is requisite to 
obtain certldn analytical expressions for the terms upon which the secular inequalities 
dqicnd, or for any others, in the development of the disturbing function ; but it is not 
80 easy to put these expressions in the simplest form of which they are susceptible ; 
and this is a point to which I think hitherto sutficient attention has not been paid. 
It will be found that 1 l»ave obtained, finally, expressions of very remarkable sim- 
plicity : to accomplish this, however, I have been obliged to go through tedious pro- 
cesses of reduction, the deteuls of which are here subjoined, in order that my resulta 
may be verified or corrected without difficulty. In order to give an additional example 
of the great facility with wliich terms in the disturbing function are arrived at by my 
method, I have calculated one of those given by Professor Amv, and wliieh is required 
in the determination of his inequality of Venus ; and I have arrived ut the result which 
be has given. The same method, with certain modiftcati<Hi8^ is applicable to the de- 
vdopment of the disturbing function in terms of the true longitudes. Hie terms in 
tiie distorbing function which give rise to the secular Inequalities of the elliptic con- 
stants, when the terms of the order of the fourth i)owers of the eccentricities and 
inclinations are retained, and higher powers of those quantities are neglected, are as 
follows: and I jirojjose, as they form, in fact, a system apart, to distinguish them by 
the indices given in the left-hand column. 

* FlulflflOfliic»l I^aoMctwuM. 1832, Fart II. 
MDCCCXXXV. I 
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0. 0 

1. r - i +1 

II. 2r - 25 + 2^ 

III. r + g+g, — 2» 
nr. r — S — ^ + 2«, 

V. { - c , - » + », 

VI. ! + — — 

VII. 2 r -I- 2 — 2 
VIII. 2 I — 2 >j 

K, a r — 2 s + 2 «7< 

XI. T — « + 

XII. T — 2g+« + «j 
Xltl. r 4- 2 ? — n — 

XIV. 2r — 5 + $, - >j + »^ 

XV. 2 T — 2 >j + 2 



After extensive reductions I find 
As- 



Co.] 

[«.] 

- ^^W***.' «» (2r - 2 g + 2 1^ + ^b^,e,Y^im (r + g + 5, - 2,) 

[II.] [ui.] 

+ K\ * yi'' cos (r - € - 5, + 2 0 + 1^ ^ y y, COB (€ - ^ - * + O 

[nr.] [▼.] 

[VI.] 
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[to,] 
[viii.] 

+ "»/{- ili? *w + ^ }«* y ^ 8 + 3 «»,) 

[nc] 

+ "•»{- ll$ + ^» ^^-^ } ^ ' y ' cos (2 5, - 2 

[X.] 

[xit.] 

[XIII.] 

+ { + M$ v}*«iyy««<» (2r - € + 5, - « + *j 

[XV.] 

The method which I propose to employ in order to arrive at the terms in tlie 
disturbing fnnrtion, independent of the inclinations, is sufficiently expkuned in the 
Philosupliical riaiisactions. The following are the equations employed: 

dR ^ adR dr , d_R dK 

=iO + t) - 0 - i^) -^^ 0 - ^ 

, [0] [2J fB] 

[20] [86] 

Ji = 2(l-^«n€ + 4*0 -|s«')«»»2S+^«»8in35 + ~fe«flin4i 
0] [8] [20] [85] 



I2 
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Calculation of the Term in the nan-perwdicul Portion of R mnl^pUtd igf e*. 

If 'it note the term in the coefficient of cos| multiplied l)y e^, 

i<8 cos 2 5 .... e», 

JPo non-periodical portion of R multipUed by 

Rf ooefficinit of cos { raoltipliod by e, 

-ela Ada ara~+ 8da 

If ii"o denote the term in the non-periodical portion of the disturbing function 
multiplied by e«. 
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~ i'i a* \ "7.0 ~^ a, °^aJ 64 a » "^fi ~ (j4^^ ^'.^ 

_ " A I A J_ A A A _l_ -i£L A 

~ 3« «/ 64 o," ~ 32 fl," " 3« a,* "^040," 

3« A _l_ A 

Hence i2 contains the term 

Putting for b^^^ their values in series^ the iirst term is 
15 a* 

This result agrees with what I have before arrived iit in the- Lunar theory. I have 
neglected no similar opportunity of verifying the terms in the disturbing function 
given in this paper ; these oppoitanities are however bat few, as the terms multiplied 
by loAy ^ dispensed with in the lannr theory. 



CttladaHou ^ ihe Term in the na»fariodictd Portion of the Udm-hn^ F^mOka mmU 

If JZIg now denote the term fai the coefficient of eoe S multiplied by e e^^ 

ifo non-periodical portioa . . . e/» 

MC. 
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Hence the disttnrbtnf fanction contaiiu the term 

Cakuhtim <ff the Term in the nm^perioiical Portion of R multiplied by e*. 

If Ft^ denote the term in the coefficient of cos |, multiplied by e^^, 
R„ cos 2 .... e*, 

It, cos^, . . . . f,, 

non-period icai purtioii of R iuultipli<iil by e^', 

/r„ ««, 

fida, «dtf, 4da, da^ ~ Sdaj 

«. - - 4' - -T '^i - «. + T * = - 4^ - 4^ - + 1 * 

= «ai **• - ~ TB'w 

3 , , 3a ^ 1 _£_ A ( " f, I \ 

"a — 16 a, 3.0 — 16^*3,1 + it)««^5,o - 16* «•*».! 
*"a— «d«/ ^ 8d«/ «dii, ^ I6da Ada, 
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_ a /a*+_rt* , a « t \ . ~7a* . 3 a . 

— d4 a » *s.2 — 32 a 3 hfi + 30 ^ « *5.1 
_ iSL k 13a , «* jL . I 

Hence the disturbing function contains the term 

In the preceflirig instance, aud in the casse of terms depending either upon t-' or <"* 
solely^ the term in the disturbing function can onJy be obtained from ^ or but 

io obbdning tiuMc which depend hah npoii e and e„ they may be obtiuned indiffier- 
enlly dther from the oombinatioiia which enter into the eaqtrMdon for or from 

those which enter into the expreasion for 
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CabMbn of the Coegidmt ^ eSe,008 (r — { + 1,) m tht Devebpmmi if R, 

If denote thiit part of the ooedficient of cos (r — 3 0 which is multipliecl by ^ 
Jl, coer c* 

«i 

iti . . cos(t4-5) e 

/I, cos (r + f ) e 

It\, #3 

* = - w + ^ + 18 -ffr + T - T iff' - 4 ^ - 

«J — — 2i; + 4a,« *3,o - ''3,1 — 4^T< "a^ — 8«/ ~ HTo,* *J.o ~ lea; *3.« 

n g I g ] I P " I W g I g I A 

'•1—2 a • ~ 4 a7 -'.O ~ «/ ''m + 4 «/ \« «l = " 2 a « + 4 a • "-J-O ~ 2 a » 

9 » 3 o 3o , ^ . ^ , y A A \ 

' "3 — ^ 8 a; + 16 0/ °3.0 + 4 03,1 - fe a « 03,2 — %0 — %lj 

+ SS?"~ I6a/*iM> + 8i?*iM- lti^*ij 

-,L?1a J'^ 7 l^'^W^/ A \ 

~ 8 a* "3,1 - iGa* %i '~ l6a« ~ ^-V 

- 3a . 9«* . . 9a« . 

"3 — — 10 O3.2 -r j6o3 O5.1 — ieir* "i,r 
If ifis denote that part of the coefficient of coe (r — | + ^ which is multiplied by e', 

- si { ^ - i *?.o - i - ^* - T - i } 

. " I A"! A J_ A 
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_ 3a* , 3a' , 3a' , 15o« , , 3a' , , 

— 64 «3 \i — s2oa *M — 640/* °W + 32«,* *M + 3«a/» *M ~ l6<^* ''m 

15a* , a<l , 

Hence R contains the term 

Culcuiation of the Coefficient of e e,^cos (r — 1 + 5,). 

If Hfif denote that part of the coefficient of cos (r + 3 ^ which is multiplied by e/, 
Ri COST . e,*, 

if I 'A 

C08(r-S^ 

Rt «»(«■ + y e,, 

fA 

o IV _ q gjd /t,9 ,0,9 R, ,3 3 o.d j?c 5 «,dff, ,^ 

- «da, i(i da, +'8'*I'"4 da, 4 ~ 2da, " 

3a 3a ^ 1 ^ r 5a ^ 

8 a/ ~ 2 a; ~ 2 a; ^ '.^ 2 a; *5.2/ + lO^/ ~ I60; 
UDCCCXXXV. K 
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I 9 ((■■' 9 'i* 

"■ Be, + 16a/ '^i.o «/ 

~ 16a? "T" 10 -^2 
ir now denote that part of the coefficient of co« (r - f + 1,) which is multi- 
plied by e 

'ftt ada 

. 9a» . , ISaf . , Jflj^ . 

Too? lefl/^s-a 
UeDce contains the term 

I have found that the diaturbwg function contains the term 

- W «^ «os (2 r - 2 1 + 2 
As 1 liuvc given elsewhere tlte details of the calculation of thb term, it is unneces- 
sary to repeat .them here. 

In order to ohtwn the terms dependmf^ partly upon y*, y^, &c., from the same 
equation, the ifolloinng transformationB are necessary : 

cos =i COB (31* - * + ») ss cob(X' - f)co8» - 8in{X* - ») sinp 
tan (X' — 0 ~ cositan (X — Q 

1 ■ /\» ^ cos I tan (X — g) 

COS - 0 = Tco?Tl»i^ 8in (X - f) - ^ , + cW . tn.? (X^) 

. co**^C«(A-e + ») + 8in«4,-cos{A-6-ir) 

, cos y — cos I tan (X — 5} sm * « ^ • 

^ cos I tan U — g) cosr — «io f » , _ 

Sin X- ~ y , ^ — ^l-«ii».tfii«(*-5) 



Digitized by Google 



MR. LUBBOCK ON CERTAIN TERMS IN THE DEVELOPMENT OF JL 67 
r' r; {cos (X' - \) +ss,)ss rr,| cos^ywrt* J cos (?i - X, - 6 + + » - »J 

+ Bin* ^ COB CM (X + X, - C - ^ • + 
+ COS* ^ 8in« -J- 008 (X + X, - 6 + » - »,) 
4- sin2 sin2 ^ cos (X — X, — £ -f — » + *^ 
+ — 5—^ cos(x _ X, - e+ €,) 

tan J tan t, /« > . is , p v 1 

2 — 'oo«(x+x,-6+ej j. 

IfUm/ = y, 00s«y= 1 -^ + -^/ 8ia«j = ^-^y*. 

If 7j f — y/, ^ + s — s, — 6 + 6^ + » — be called r, 
and if « ^ + £ — € = >; / + «^ — €^ = >j, since when the ecceatricitieft 

aif neglected a. = « < 4- 1, x, = «, / + r = ^, = 

r' r;{c<«(V-X',)+ ss Bff, I C08« y 001^ -J cosr + Bin* '§-O0ti>-^ cos (r - 2«) 

+ cofi2 -J sin2 cos (r+2 + sin« y sin' cos (r— 2ji+2«^ 
+ ^'cos in - cos (>j + fl,) 

«a«,{(l-4-^f + ^/ + l?#: + ^y/)co.r 

+ 4 0 - 4) ^''> + ^ 0 - 4)«»^' + 2'*> 

+ cos (r - 2 , + 2 + 2^ ( I - ^ - ^) cos (I, - j 

cos + 

In order to have the terms required depending upon the squares of the inclina« 
tions, it is sufficient to take 

* - - ^ { T*W» + *U<»«' + *M«<»»' + } 

+ J**» + *3,lC0ST+ ^j^0082r + &C.| 

I cosr-^ COS (r - 2 >j) - ^' COS (r + 2 

— y y,cos (» — + yy,cos (fl + 

e2 
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- SJ- *Mr yi«» (* - 'j) + jir <itflCo» (« + 1^*3,1 y,«oo« (ar - an) 

- sir *3»i y- COS 2 , - ^3.1 7» COS (2 T + 2 ?,) - y,* cos 2 jj, 

- y y» 'iw y »i) 

+ ^ 7 7, COS (r — u — — ^ b^ry.cmicir^Ji-tr + &c. 

Ab before, -g^ = j-^ + 

but in this form of development 

diS dil dfl dil diZ .dA 

CB&M/a/ibfi Term ht R muUipUed hyi*'^, 
_ gd Ro i» _ 

8 a,^ ^-^-.o + 8 a; 

If the term in multiplied by «'y^ be called 



S^" 1. i; L ^^^^ I J. 



9«» 



Digitized by Google 



UR. LUBBOCK ON CERTAIN TERMS IN THE DEVELOPMENT OF 69 

Hence it oontaiiu fbe term + r'). Patting for its valne in series 

according to powers of ii^;lecting y^t I find for the Innar theory ^tRi 
which agrees with the Nmlt I have arrived at eleewhere by other mediods. 

Otkukiim ^the Term in muttipHed e>y>. 

= - '*« ~ 8^ 

_ a . « A . 3a« S«* 3«» , 3a« 3 «« 

UR\ denote the term in multiplied e* y*, 

"'^^ — tst; ~~ Tdi^r 

3a«/a 1 1 \ , I5a» ^ 9a» ^ 

Hence It contains the term &«^« * (9* +. r,^, or in the hmar theoiy >«. 
GslcKliifHMi ^Me 2Vrni in or (R^) mult^§d 9*. 

o * 



3«- 3a- 3<r t 3a» . , 3 «• 



• . 

~ 1A«9 "is ~ 



Digitized by Google 
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If tbe term in itu multiplied by be called ii"ui 

JMI _ p 

82 /r;'' ~ 32 a,« ''s 2* 

Therefore H contains the terra 

Gftoffiiftm of or ^Ae C < ieai ^ 006 (r + { + ^ - 3 «), t'n /Ae DeiwA^Mftewl ^ A. 

Distinguishing at present the argument r + 1, -> 2 q by the imles 7> and the argu- 
ment T — 2 1| by the index 1, 

„ « I. I /" h h \ J. -2— h — Ijf ; '^''* ^ 
Ha* °3,o -I- a* O5.0 - "^.l^ + q "3.0 — iq a* V ~ 16 a' 

15a' ^ .»5a^, . 3o* . . 3a' 1 P^* ^ 
Hence il contains the term -^j^ i^^^ e (^^s (r + 5 + 5, — 2 a). 
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MR. LUBBOCK ON CBBTAIN TBBIU IN THB DBVSLOniBNT OP J}. 71 

Ctkuiatiim R„,cr the Coefficient iff eoa (r — ( — + 2 n),inthe Deedepmai qfR. 
Distinguishing at present tiie ai^pmieiit « ~ S + 8 by the index 3, and + 3«| 

by the index 1, 



+ :5 2 a7 *5 0 - a/ *M - iffj? '^o + ro^ V " itii? V 

Hence R contains the term ^^'^» b^i e e, y '^ cos (t - 5 — ^ + 2 «f^. 

CbiicMlafMR Ay, or ^Ae Coeffident qfcM (S - ^ — « + 0* *'* Deeelopmeitt if It 
DiatingoiBhing the argument f — <-> ( by the faidex 3, and n — by the index 1, 

ada, ~ -"a — i6a/ 

Hence il contains the term ^^^^s^^^,VY,^^^^ — 9 + 

OaktUation of A,,, or /Ae Coefficia^ flf OM(j^-}-tt, — n~'n)it» the Developmeat of H. 
Diatingatshing the argument « + *i ^ S by the indeat and « + by the index I, 

'Hi " V 

Hence R contmns the term — ^'j,! cos (5 + ^ — « — 

Calculation 0/ i'/ie Coefficient of cos (2 t + 2 I, — 2 ;;), /;< //it' Development of R. 

Distinguishing the argument 2 r — 2 »j + ^ by the index 7, and 2 r — 2 >j by the 
index 1, 
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« 1. . , , Jo! . 

= in the lunar theory. 

3 a* 3fr» , 

" 3«5?*M - V + 3ini?*M 

Sa» . . So* . 

Hence R contains Uie term ot, | - b^i + j e,^ y« cob (2 r + 2 1, -2 «). 

Calculation of Hv„, or /Ae Coefficient qfco9{2i-2 ft), in the Dtoehfmmt qfR. ■ 

Distingnishiiig the argument | - 2 » by the index 65, and the argument 2 >» by tlie 
index 62, 
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UR. LUBBOCK ON CERTAIN TERMS IS THK DEVELOPMENT OF B. 73 
a a* . 3 a* . aa», ,3a*, 3 a* » , « . 

— 4«/ -t- ie^^ V ~ Id a/ 
9 a* 

— in the lunar theory. 

_ adfitt 3ad^ 5 - 

. L 9a» . Dn* . 9cr* , 

= - *V + 1^5? *W + *S*» ~ Mi* 

" . . 3r/W« I 1 . \ 

~ 6^7/ + Ba/ \a, ~ 2 "v" ~ « "^'V 

_ 15 a' 15 q* ^ , 15a« ^ . *'^JL 

-" ~ J2 a 3 o ~ 32 a 3 \o + ga^a + To? *5.» 

■i5U?"«i» + a55»"w + 4^;r«i^i M3?*^t + sS^^ 

_ 13 g* _L ?^ 1. . £^ _ 3a .3a« 

= — • 4^ in the lunar theory. 
Hence R containa the terra | — i^6^| + >^y>coa (2 S *). 

IMstingiiishing the argument 2 r — S + 2 «^ by the index 3^ and 2 r + 2 «, by the 
index 1, 

* Jt«Bi(w Itn) B - ^|^.> this igreea villi ^ ntdh I inifed it tamalj, kbw eomiiiMd to M. PoMtoir. 
MDCCCXXXV. L 
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J/<„— — -4^3 4 da 2 

— T ~ 4 ~ 3^ 3«1? + ^» + sl^^ ^ 

ilp *i.o + 8 a* ~ 16 a* 

7« . ago* . . 3«» . 3a . 

*-64i?*w + (firs? - 64^» + 4i? *w - 645?*m-m7»?*m +5«5?\i 

Hence A contaiiM the term |- 3^»hi |«*y,'co8(2r — 2S + 2fJ. 

CakulaHon of A^, or Coeffleieiii qfoM (9^ — S«j), M /Ae Dwetopmmt iif R, 

Distinguishing the argument 2fi, — l, by the index 65, and the argument 2 n, by 
the index 62» 

3o . 3a* t . 3g» , 
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Hence it oontains the term |- jo^^si + 5^*5^ je,''y,* cos (2 5^-2 

CakulaHon of the Term m l{„ mdiNplr'eil «*. 

Distinguishing the aiguuientr — jj + ;j,by the index 1, r — ij + ij, — { by the index 3, 
and r - u + ^, + 5 by the indcK 4, 

ad;?, „ odTZ, « _ a 

3<^ , 3 a« . So^ . . 3a« . . 3a* ^ 

Sd? , So". 

n d fl, a d it, ad i?4 od it, adR^ 

8 a* , ,3a', ,3o», 3 o» , 3 a' , 

Sa* , , 9o^. 15a«, , So? i 3a« ^ 



I, M the cdcahliaii of 
1,2 
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76 MB. LVBBOCK ON CBBTAIN TBBHB IN TBS DEVBLOPHBNT OP H. 

Therefore -R contains tlie term — jg— ^ y y, co8 (r — jj + jj^). 

Cakulatiun o/ the Term in H^^ multiplied bt/ e*. 

Disting-uishitifr the ari^Dment r — t>-^%. by the index 1, theaigoiiieiltr — kt 
by the index G, and r — ^ -J- + 5, by the indtx 7, 

8d^ — ^ *i 45?*S*» 

*B = - 4^? *w + ir;^ - Y - T *m) 

^'"m~ 8d«, Sdoii 8d«, aH^i da, 

„ 9 a* , , , a , 

So* . -Sg* £«• Jff3 3 «» 1 3 «' 
8^^V 

Therefore ii coutaiub the tci lu — ^^^3 k^j^ e/- y y^ cos («" — 1 + 

Calculation of /fj^j, or <A€ Coefficient of cos (r — 2 $ + ^ 4" 1,) '« '^^^ Dnr lopmcnf of H. 

Distingaiahing the argument r + « + ir, — fbytbe index 3, and r + j| •)> «^ by the 
index 1, 
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It is evident from the calculation of Una ^ contains the term 

It is evident similarly, and from the calculation of that H contains the term 
f 3 a* 3 o' 1 

CalcttlaHoH t^Rxa or ^Ae Coeffidaa cog(2r - S + ^ — « + 9,). 

Distinguishing the a^gmnoit S r — i + + by the index 7, and the argument 
2 r — 9 + 9| by the index 1, 



» _ _ il^ _ tt 



+ {| {i* ("5; *7^~ T*f.i " - ^ (^*?^- T*7.0 } 

Therefore ft contains the term 
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R = *tenD8 independent of the quantities b 
-* ? { T ^0 + cos r + »i^cc» 3r +,&e.]- 

- { T V + *V + 2 +' } 

+ ^' - ^ ) + ^•') + C*" - * " + » 

- 1^? { T + *W ' + *M cos 2 r +, &€. J 

{ + 2") COS r - ^ cos (r - 2n) - y C08 (r + 2u,) - yy,co8(u - + yy^cos (u + j- ^ 

+ {-^'-4-} {COB (2r + a,,) +00829,} 

+ {- ^ - ] loos (t + + COS (r - 9 + J,,) } 

+ y 7, { ? + ^' ] { COS (r + 9 + 8,) + COS (r - «» - } 

+ ^{1+O08(2r- 99)} +^{c<M(2r-9« + 2«^ + 006(39-39,)} 

+ 3^ {COS (r - 9 - 9^ + cos (r - 8 J + 9,) } 

+ ^ {coe(r-i, + i,;+co«(r-39-f,)}+%*0+C0S(2r-2^,;} 
+ ^{coB(r-9 + 9,) + coe(f'- 9 + 89,)} +^{l+eo9 (99-29,)} 

- {C0S29 + COfl29,} + ^ {1 + 006(29 + 29,)}. 



* It is nMkn to eoluidar these teoiui, bsesase is Jt eontiuDs no tnm nnltipBed by if tfaeodMrfiwtiB 
fimnd to ooattdn any term multipQed by ^ it nrast lie neglected, thst is to eay. got rid of by adding a simi- 
Uer toim iiidcpcmd«t «f tlie quantttics b, and with a eomtmy ugn. 
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la ofder to <ditaui the tenn in R dependipg upon y^, y*, y* and yff it la snffideiit to 

take 

{ - (f 7* + + I" y/) cos r 4- y y, Cy ^ + 7,^) COS (« - «^ 
-3!^coa(r-2» + aO+,&c.} 

{ + ^) cos T - ^ cos (r - 2 «) - ^'c08(r + 2i|J 
- 7 7, cos (fl - n) + yy,ca« (»j + j 

- (r - 2« + 21,^ +, &c. J 

{ ^ + ^ + ^ ^ (y* + y,*) COS (r + a - - (y* + y,«) COS (r - , + 

+ +^*) COS r + -^y^ y / COS (2 , - 2 + cos (2 r - 2 H" 2 j 

I 64 a,' "5.0 04 o,=* %'i 04 "'s.O — (i4 «; .,2 J 7 

I f 3o« . , 3o« . l.-ia* lja» ") - - 

+ I - 64 *^ + «4^? - 04^? - 645? / y* y ' 

+ I - f )Ta,* + 64~i» ~ 64^ V 64^ / 

+ { a7 *5.o - 3o"aj^ *5.2 + *5.o + ^ *:,.2 } 7 y, (V* + f?) COS (r - a + u,) 
+ {- + - - ^*s.2} yVi*oOB(2r - 2a + 

= { - + y* + { - - y' y' 

+ ( 7 To^» Ko + sa^s *5.2 1 r* + 16 8 ^s,o y 7, (y' + y,*) cos (t - «» + »>^) 
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In order to give uiiothcr example of the employment of this metliod^ 1 propose to 
calculate the coefficient of 

e / cos (13 r — € — 4 >>), 

the ai^ganieiit of which occurs in ProfesMr Airy'b inequality of Venu«, nt and n,t 
being the mean motions of that planet and of the earth. 
It is easily aeen from the preceding pages that R contains the term 

- tI, y' '\n cos (13 r — 4 »). 

If the coefficient of / cos ( 1 3 r — 4 >j) be denoted by Ky 
p/cosClSr- 5 - in) . . . Ri 

3 f Wa* . bo" (a , 1 , > jl M 

And Jl oont^B the term 

lis { '"?r**^" ~ ^ ~ T " } ^ ^• 

IVofesBor Airt has 

{7(o.o) + T(i(o,i)} 

In Professor Aiby*b notation 

/ = Sin ^ = f, (0,0) = ^» (0.1) c; = A,,, - ^. 

and substitating my notation in Professor Aiay'a expression, that which I have found 

results. 

The method F have g^iven of developing' the dhturbing^ function in terms of the 
mean longitudes may also be employeil with iid vantage in procuring the development 
in terms of the true longitudes. In this problem 

dR rdHdr _ aditdr 
"37 drrd# "~ dard« 

d r d . log, r 

rd e de 

log. r = log. a + log. ( 1 — e*) — log. (I + e cos (X, — w) 

= lof.a- e*— — eco8(x — •) + 575|l+2co8(ax-a») J 

• bee p. S!> of Professor Aikt « paper. 
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— ^ COS (X - «) + COS (3X — 8 v) j> 

+ 1 3 + cos (2 X - 2 w) + COS (4 X — 4 w) 1 
= log, • - ^ - ^ 0« - e (l + ^) oos(X - ir) + ^ (l + 4)co8(2X-2») 



- ^COS(3X-Sw) + ^ooa(4X- 4») 

j^== - 1^ - je' - e(l + |-^) COS (>. - «r) + (1 + e2)co«(2X - 2«r) 

— -jCwCSX— 3») + '^oo«(4X- 4*). 

It follows from the analysis of M. Poisson, in his M^moire sur le Mouvemeut de 
la Lune aotonr de la Terre, that the coefficient of cos (S tr — 2 «J in the derelopmeat 
of the quantity 



according to the true longitudes^ is the same as that of cos (2 v — 2 in tlie develop- 
ment of It acoording to the mean kmf^iudet. 



If ^ , §: I >. , be called O, 



dQ_ udQrdr dQ _ a,d Q i,dr , 

7if ~D o d e c! <•( d flj d i"/ ' 

By means of these equations, and alter reductions siiuilar to those of which so 
many examples have been given in the course of this paper, I find the coeffident of 

cos (2 X — 2 X,) in Q = — o« 6, j 

«,G0S(2X-2X, + X,-vJ 

e«,co«(2X--2X,— X + w + X, — =— — 6.^2 

***co8(2x-3x,-x+w+2x,-2»,) . . . = - V+nnr\i+3««;*i.« 

«*««ooe(2X-2X,-2A+2w+2X,-3w^ore«e«co»(a»-2*,) » -^^31*^. 



Mocccxzzy. 
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V. On ibe Rewlts 7>'ie OluovttHoiu tmuk m June 1834 at the CbaH Guard Sta^ 
Hau ttt Great Britain and heUutd, Jfiy Jtev, Wiluam Whiwhu, 
FeUowtfTVinify CoUeget Cambri4ge. 

Reeciwd March S7,— R«id AjnO i, 1895. 

In the conclusion of An Essay tovrards a first Approximation to a Map of Cotidal 
Lines," piiblislierl in tlie Pliilos()|)liirul Tnitisactions for 1833, I stated my opiaioR that 
simuUam-ous tide observation«;, made at the stations of the Preventive Service, and 
continued for a fortnight, would give us a clearer view of the progress of the tide 
along the ooastt of tbis eovniry Hian we ooald acquire from any records tbea extant 
A r^mentation to this eflfeet beings made to Captain Bowus, the Chief Commis* 
doner of that Sendee, and to Captain Beaufort, the I lydrographer of the Admiral^, 
tho«f' irpntlemcn cntetf-d with great interest and activity into the proposal for pro- 
niotiii^^ this branrh of science l)y sucli a series of observations; and they nndertook 
to give Qiders fur carrying the plan into etfect, and directions for its execution. Such 
observationa were acocNidingly made at all the FreventiTe Service stations on the 
coasts of England, Ireland, and Scotland, from June 7 to Jmie 22 incInstTe, and the 
registers of the observations were sent to the Admiralty, where they now are. 

I expected to be able to deduce from these returns the solution of several curious 
and important questions respecting the tides, and probably to obta'm some new laws 
of tbdr phmomena. For this purpose, however, it was necessary to perform a pre- 
vious reduction of the registered observations, correcting the times as ftur as the 
methods employed would allow, and subtracting from each time of tide the time of 
the previous tr.msit of the moon, in order to obtain the interval. Tliongli this opera- 
tion was very simple, the performance of it in so many cases (above 12,000) required 
more time than i could devote tu it. Captaiu Bkau>x)RT kindly allowed it to be exe- 
cuted by Mr. Dbssiov, of the Hydrographer^s Office t and it was my intention to defier 
kying the aocoont of the observations before the Society till tiie wIm^ of tbem had 
been reduced, and their results investigated. But Mr. Dessiou, having executed this 
reduction for the whole of the south coast of Enpi-lantl, has been prevented by illness 
and by more pressing employments, from proceeding to the remaining coasts. In 
the mean time, having examined the reduced observations, I have been led to some 
conclusions which appear to me interesting and important ; and whidi, I think, con> 
sidering the delay which may attend the reduction of the remaining returns, and the 
intention which is entertained of repeating the obserrations in the rn^iTing^ June, it 
may be worth while very briefly to anummrr. 1 shall defer the communication of 

M 2 
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the details by which these results are est nblhhed till I am able to include in them 
the east coast of England and the coasts ol Ireland and Scotland. 

1. In tiie ftnt place I will obaerve, that I am eonvlnced from tha examiiiatioii 
whkh I have given to the snbject, that obBervatimiB nwde in this manner may be 
depended apon for many extensive and important inferences. The returns of last 
June are more consistent and aecnrate than I could have anticipated. I have reason 
to believe that in much the greater part of the cases they were made with care and 
fidelity, and in many instances with ingenious and suitable contrivances. Jt is im- 
possible not to tdce the of^rtanity of saying that they reflect great cre^t both 
upon the intdfigence and the puneinaK^ of the <^cerB and men of the coast-guard 
service. 

2. One of the reasons for wishing- to obtain such simnltaneoiis tide observations, 
was the hope of ascei (uiniiig by this means whether thei'e are getterul irregularitiea 
which affect the tides at all places along an exteninve line of coast. Such im^gn- 
Uurities are beforehand very conceivable. The tide-wave which visits our coasts has 
been propagated np the Atlantic, and influenced at least, if not produced, by the tide 
of the Antarctic Ocean. If the causes which determine the velocity of this wave 
could in any case so far vary as to make it an hour behind its time in the Atlantic, 
that one tide would at all our ports take place an hour later tlian the r^nlar time; 
and the existence of an infliM»oe ei this kind would be detected by such an anomaly 
appearing in the observations of the whole or a lar^e portion of the British const. 

I think I may venture to say that no such generTil in cgularity affected any of the 
tides from the 7th to the 22nd of last June. Partial anomalies of greater or less 
extent occur in the ebservations!, but nothing which can be considered as be'mg of a 
general diaracter, and indicathig a distant ori|^n, like what has been spoken of. 

This result is, I CMicdve, important; for it appears to render it probable ttiat we 
may, vn\h. care and perseverance, make our mathematical prediction of the time of 
the tide much moi-e accurate than we might otherwise have hoped. Since the tide 
is not affected by distant and general irregularities, it is irregular only so fur as it is 
influenced by causes which operate in the neighbourhood, trnd vaiy from one place 
to another; es, for instance, the effect of the wind in connexion with the form of the 
land. Now, not only will irregularities arising from such causes disapfiear in the means 
of long series of observations, but where such mean results have been obtained, the 
effect of the disturbing causes (as, for instance, the wind blowing at and near the 
place,) may be determined empirically. IVe diould thus have a h&tl meteorological 
correction to appty to the prediction of the tide, in additkm to the astronomical cor- 
rections ; our tide tables would be much improved, and our knowledge of the tides 
rendered more correct and complete. 

3. My examination of the results of the observations of the time of high water has 
been omdncted for the most part by the method already so often employed by 
Mr. Lubbock ; namely, by erecting a series of equidistant ordinates to represent the 
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intervals of tbe mmm't transit and higti water, and diawing a continiioiii liiie fliroogh 
tiie extremities of theie ordinatea. The cunres prewnt, in general, tiie form of tliat 
deduced by Mr. Lubbock from the London Observations, though of course in the 
rude oljservations of a single fortnight there are great irregularities. But the means 
of several placesj and even, in most instances, the tides of a single place, present tbe 
ftatmies of agreement mth theoiy, wtudi Mr. LoanocK lias shown to obtain trilft 
sueb remarkable exactness in the London tides ; that b, the ordinate of tbe curve 
1ms in tiie course of a fortnight a nrinimnm and a maximum magnitude, so that the 
curve assumes the form w:. Moreover, it is not symmetiical on the two stfW^ of the 
minimtnn and maximum, the slope being greater ailer the minimum than before it. 
The curve descends from the 7th to about the 13th of June; it then ascends till the 
18th or 19tfa, and ascends more rapidly tlum it had descended, and then descends 
again less rapidly. All tins agrees with the form given by theory. 

4. Hilt t[iouji:li the general course of the curvt^s has this resemblance, the amoiint 
of flexure is not the same at different places. This result had already hrvn oljtained 
by the comparison of previous observations, especially tliose made at iirest, Ply- 
mouth, and London ; it is confirmed so dearly by the observations hera refeired to, 
that I think it may now be assamed to be a general foot 

The inferences from this fact are very important ; for in the first place it puts an 
end to all attempts to deduce the mass of the moon from the phenomena of Hdes^ or 
to correct the tables of tbe tides by means of the mass of the moon. The approximate 
agreonent of the mass of the moon dedaced by Lafmcb from the tides of Brest, with 
the mass obtmned ftom other phenomena, cannot be considered as otherwise than 
accidental. If he had employed the tides of London, he would have obtmned a mass 
vei7 different, as Mr. Lubbock has shown ; if he had taken those of Plymouth, or of 
Brighton, the mass would have been again very different. 

"nug evidence of the inapplicability of this part of tbe theory will not surprise any t 
cne who recollects how remote the hypotheses of the theory are from the case of 
nature. Soch a theory may point oot the general features of the phenomena, but 
any assumption of the actual correctness of the magnitudes determined by means of 
it is altogether gratuitous. The force of tlie moon (h-tcnnhies the amount of the 
seroiroenstrual inequality ; but probably we shall never be able to ascertain otherwise 
than empirically, &y teAa# ruh this force, producing oscillations in an ocean of irre^ 
gular form and dqttb, as the actual ocean U, d^ermines the semimenBtrnal inequality 
at each point. 

5. But since the semimeostrual inequality is thus determined in general by the 
force of the moon, and has a common form at different places, and yet is different in 
amount (and in otlier drcomstanees) at each place, we may represent it by resolving 
it into two parts, one of whidi shall be common to the whole ocean, or to a laige 
portion of it, and the other part shall be a smaller and local comction, also foUowing 
a cycle of half a month. 
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By the introduction of a iocal semimenstrual inequality, in addition to the general 
scmimenstrual inequality, we should be able to reconcile the discrepancies of the 
carre wUcb represento this ineqiiali^ for diftrent places, as London and PlynMnith ) 
discrepandes niiieh have hitherto been a source of perplexity to those who have stu- 
died the subject. 

The existence of these discr('f);incles, and their general prevalence, which is shoivn 
by our observations, make it clear that we cannot correctly use the ti<le table of one 
place to determine the tides of anothnr, by addinj^ or subtracting a constant interval, 
as is often done. For such a purpose the difference of the local semimenstrual in- 
equalities of the two places requires also to be applied. 

I have not attempted to determine the amount or form of tlie local semimenstrual 
inequalities of different places, not thinking our present materials sufficient ; but a 
comparison of the cmnre of the sennmenstnisl inequality of difinent jribioes is the 
way in whidi it must be obtained, and on tUs subject I have some remuks to make. 

6. By what causes is the semiroenstmal inequality at one place madtf to be dif- 
ferent from that at another? There are some circumstances Mhicli we can readily 
imagine may produce such an effect, though we should probably not succeed in 
guessing what the effect woidd be ; as, for instance, the form of the coast, tiie dU 
stance wliich the tide wave has travelled over, and the meeting of tides proceedfaag 
different ways. I think I can discover in the observatieos of last June indications of 
the effect of all these circumstanres. 

In the first ])l;ice it appears that the curves (by which I mean here, and in w))at 
follows, the curves of the semimenstrual inequality) are Jlutttr when the observations 
are mad^ at promontories than they are for the general line of coast. I speak liere of 
the promontories of the first order, which divide the south coast of England into large 
or priraaiy bays, as the Lizard, the Ramc Head, Prawle Point, Portland Bill, St. Al- 
ton's Head, St. Catherine's Point, Beachy Head. At such places the amount of tlie 
semimenstrual inequality appears from the observations to be less than it is in the 
intervening bays. 

7. In the next place it seems to fbUow from the obsorvations that the curves are 
datter and flatter as the tide wave proceeds further and further. Thus the curve is 
flatter in Bngliton Day than it is in Mount's Bay on the coast of Cornwall, the tide 
having travelled further from west to east. 

I do not consider this point as quite firmly established, berause, though the curves 
do exhibit such a modification in going eastward, when we get as fiur east as the Isle 
of IVight we seem to perceive the influence of another cause which has been men- 
tioned, thp meetinc: of the two tides, which may produce this apparent modification. 

8. This siil»jert, the meeting of the tides, appears to be often misunderstood. For 
instance, in a paper published in the Philosophical Transactions for 1819, it is taken 
t» granted, that when the two tides meet which come up the British Channel and 
down the German Ocean there must be a visible and marised conflict of opposite cop- 
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rents of the viter. Bittl^bgiinioiitia&iialt^geUiergnliiiloiis. Hie place of the meeU 
ing <^ the two Hde-wavei, vUdi cone in oppodte directUas, is the part of the coast 
where the tide is hiter than it is on either side of tliat part. For cstample, we know 
that on the coast of Dorsetshire 5uid Hampshire the tide-hoors are VII. VIII. IX. 
going eastward, and that on the coast of Norfolk the tide-hours are VII. Mil. IX. 
proceeding bouthwarda. The tide-waves, tiierefore, move in un opposite diitctiou 
tHaag these coasts, and must meetf at some intermediate point, as, for instance^ on the 
coast of Kent ; and at this point the tide is later than it is if we go along the coast 
either to the east and north, or to the south and west. But these motions of the /lile- 
wttves inu'-t be distinguished from the motions of the 'itirtims wliich bring the tide, as 
will be obvious when it is recollected that the tidu-wave travels from the Land's End 
to the Isle of Wight in six hours. At tlie phuse wliere the tides meet tliere will not 
necessarilf be anything more marked in the stream of flood and ebb than at tsof 
other point. The tendencies to opposite tide-streams may partially balance each other 
during a part of the flon- and of the ebb, and leave only the difTerencc of tendency in 
actual operation. There may be strong and conflicting tide-streams produced under 
certun circumstanoes { but these results wiU d^end mueh more npon the local con- 
ditions of the ground than upon the general course of the tids-wmve. 

The meeting of the tides, however, will not be a single point; for by the laws of 
fluld.s the two oppo«!ite undnlations, which we term the tide-waves, will be propagtited 
independently of each other, and the fluid will be affected by both. If they wet^ thus 
propagated without any loss of magnitude, we eonldearily trace the consequences. 
Let the tide^wave on the south coast move eastward so as to bring Ugh water to cer> 
tain places, 

A. B. C. O. B. F. O. H, K. I» M., 

at the hours 

VI. VII. VIII, IX. X. XI. XII. I, n. III. rv.. 

and let the tide coming from the north and east in the oppodte directimi arrive at the 
same places at the hours 

IV. III. n. I. xir. XI. X. ix. vni. vii. n. 

It is then manifest that the tide at F. will still take place at XI. ,- nho the tides at 
E. and D, will occur about XL, the hour intermediate between X. and Xil., and be- 
tween IX. and I. In the same way the tide at G. and H. will be idwut XI. Idonot 
say exa^fyat XL, because each tide may diminish in amount as it advances ; and for 

this i-eason each tide may, at a certain distance after their meeting, less affect the 
other. Prom ttiese considerations we may expect the tide-hours along such a coast 
to be as follows : 

A. B. C. D. E. F. O. H. K. L. M. 

VI. m OL XI. XI. XI. XL XL IX. vn. vi. 
The question now remains to he answered, Do we find any sudi snccessim of 
tide4ioura as this on the coast of Britain i And to this the coast-guard observations 
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OD the Math coMt enable «8 to reply, that the hourt do follow an order of this khid. 
Along a great extent of coast (from the Land** End to the Ide of Wight) the tide- 
hoon increase in order from 4** 30™ to 1 1'' no™. But from the Isle of Wight eastward, 

the tide-hour continues to be about 1 1'' 30'", with small and irreg^ilar changes only: 
and. this is true as for along the coast eastward as the observations have been reduced. 
The exBininalioii of the eaatem-ooeat obiervniiona wiU Aov hov &r due peealiaii^ 
cxtemb. 

Thus "the tides meet," in reality, along the whole coast, from the Isle of Wight to 
the Downs, and perhaps f o the coast of Snflfolk ; that is, alontj^ thf whole of this tract 
the water is affected by the tide-waves which arrive in the two opposite directions. 

It may appear strange tliat tlie iuiluence of the eastern tide should cease suddenly 
when it readies the Me <rflVifht, not extending any farther to the west. If, how- 
ever, we look at the map, and observe the sudden widening^of the channdtothewest 
of Cape La Hogue, %ve shall be at no loss to conceive that the tide-wave may be ex- 
tremely rliminislied by this rapid diftiiwou, ris we know that the tidei are greatly in- 
creased by the gradual contraction of their bedh in estuaries and rivers. But whether 

or not this be the cause, the ftot is indispatahte in the observations, that to the east 
of thn point the tide-honr changes very little^ while to the west it dinunishes with 

comparative rapidity. 

If it were at all doubtful that this difterence arises from the interference of the 
eastern tide as far as this point, the que&tion would, I conceive, be settled by the two 
following articles. 

0. The hdghts, as wdl as the times of high water, were observed j these hdghts I 

have hitherto exaitiined for a particular purpose only, namely, to asoertain the tOL- 
istcncc of ii diurnal difference of hei^^ht, which follows from the theory, m I liave ob- 
served in a former paper*. From this examination it appears that this diurnal dif- 
ference manifests itself with remarkable constancy along a large portion of the coast 
now onder consideration. From the Scilly Islands to Portland Bill, most of the sta^ 
tions exhibit this inequality operating upon the greater part of the tides. The law is, 
as is well known, that at a ffrt:\in season of the year the morning tide is greater than 
the afternoon tide, and at a certain other season it is less. In June the evening tide 
was the greater ; this appears clearly in the early part of the observations. An the 
morning tide approaches noon, the ^Herence diminishes } and when the morning tide 
is become the afternoon tide, the diurnal difference has skipped one tide, so as still to 
be found conforming to the rule. The diurnal ifiArenoe of height is variable^ ranging 
fi-om two or three inches to one foot. 

10. I have said that this diurnal difference may be traced as far as Portland Bill. 
Eastward from this point the tidea do not appear to be afleeted by it, the morning 
and eradng tide not haidng any steady rdation ni greater or less. 

This change is remarimbl^ and the more so wbm wn oboerve that it takes pboe 

* FUkHpUaATMaMtiau, ISli, p. »1. 
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at tlit^- limit of tlie influence of the eastern tide, accorrJing to what was said in arti- 
cle 8. A\ ill tlie interference of the tides e^cplain such a change? 

It obviously will do so ; for the two tides at their meeting differ by twelve hours in 
the RCtent of thdr ooune, tbe one which has come round th« nortbem extremity of 
Scotland and down the east coast h&ng so mncb oidw than die channel tide. If, 
therefore, one of the two be a morning tide (when referred to its origin), the other 
mtist bt^ iui afternoon tide ; and each compound tide being made up of such a pair, 
will show no peculiar character of either one or the other. Thus we may expect 
that, as for as the interference of the tides extends, the dinmal diflSvenee will dis* 
appear. 

Taking the two considerations of Article 8. and this article togetlker, I think it 
cannot be doubted that the sea, from the Isle of Wic:Iit to the Downs, and probably 
further, is affected by both the western and the northern tide. 

11. It ii! natural to inquire wtiether we can, from our observations, discover the 
nature of the eflfect whidi the form of tbe coast prodvces on the time and height of 
the tide. On this subject I can offer some reply, though a more complete diseussion 
of the existing returns, and of foture observations, is toindile to confirm and extend 
our views. 

The principal feature which appears in the observations of June is, that the tide- 
hoor varies very rapidly in roanding the nuun prcmiontories of tbe const, and very 
slowly in passing along the shores of the intervming bays. Thus, along tiie whole of 

tlic great bay formed by the coast of Devonshire and Dorsetshu'e, from Prawle Point 
to Portland Bill, the tide hour is nearly the same, ranging only from about 6^ 5™ to 

20". But in passing round into Weymouth Bay the hour becomes 7\ and on 
going round St. Alban's Head into Swanuge Bay, it becomes suddenly 

If we draw tbe cotidal Unes so as to correspond with these eouditious, it is clear 
that the ends of these lines will be brought close together at the promontories, and 
that file lines will run along nearly parallel to the shore. Thus, the extremity of (lie 
6^ cotidal line is near Praule Head, tlie line itsdf followinr,'- neiirly the coast of the 
bay to I'ortliuul iiUi. The cotidal line ends at Portland Bill, and the 8** and O*" 
lines end at St. Alban*8 Head. The 10^ and 1 1** lines appear to meet the coast near 
St. Catherine's Head in tbe Ide of Wight ; and, agreeabfy with what has already been 
stated, the 11** line runs at a little distance from the coast through the struts of 
Dover. Tlie cotidal lines drawn in my £ssay printed in 1033 require to be modified 
.according to these remarks. 

IS. At ptnnts of the coast where the cotidal lines are brought near together, the place 
of high water moves slowly i so that it is high water at one point, while at another 
point not far off, the water is still considerably deficient from its greatest height. 
Henee there will be a difFcrence of level and a rapid tide-stream in such ras. s TTius 
the peculiarity just noticed in tbe reference of cotidal lines to promontories is con- 
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nected wUh the occurrence of strong currents governed by the tide, like the Kaoe of 
Portlaud and the similar current which is found off St. Alban s Head. 

I abstain fram making any fiirther remaika till the reduetion of tlie vlnie of the 
retonis of last Jnne iball give me more complete materiab. I am the more de- 
sirous to draw attention to the results which such observations may supply, on ac- 
count of its bein^ intended to repeat the observations at the Coast Guard stations in 
the ensuing June, from the 9th to the 27th. 1 am aho glad to be able to state, that 
the anlject bsnng been Imd before the Lords of tiie Admiralty by CArrAiH Buu- 
F0RT,Thdr Lordehipa expiened their wish that application sbonld be made to foreign 
maritime states, with a view to induce them tO make contemporaneous observations 
on their coasts ; and that such applications are now in the course of !)cing made. 
The extension of such results a?? have been stated in the present paper to other coasts, 
and the discovery of other biuiilur laws, cannot but be loul^ed upon as a valuable and 
hiteiesting addition to our knowledge. 
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VI. On certain Peculiarities in the Dovhh Refraction and Absorption of Light exhi- 
bited in the Oxalate of Chromium and Potash, Btf Sir David BabwstbRi K.H. 
LL,D, 

RcMited Jamuy 97.— B«ad Wtnmtf IS. 1835. 

XhIS remaricable salt was put into my hands a!)Oiit the end of the year 1R32, by 
Dr. William Gregorv, of Fflinhmirli, to whom 1 have been in lLhtorl for mnr h kind 
assistance in carrying on my inquiries respecting the action ni ( -loim d bodies in ab- 
sorbing definite rays of the spectrum. A very brief cxaiaination of its optical pro- 
perijcs was aiilKdeiit to imficate ita more obvious peculiarities^ and a ilwrt nolioe of 
these was pubUshed at the time. Having received, however, frrai Dr. Gbboorv a 
very fine group of well formed crystab, and having had an opportunity in the spring 
of 1833 of observing their action upon the spectrum, both iu their solid state and in 
the state of aqueous solution, I am now able to present to the Society a general view 
of the results which I obtained. 

The oxalate of chromium and potash occurs in flat, irregular, six-sided prisms. The 
two broadest fiuses are inclined to each other like the bees of a wedge, whose sharp 
edge is the summit of the crystal. These &ces are considerably rounded, bang pa^ 
rallel near the base, and inclined to eadi otiier about three degrees at the apex of the 
prism. Thf> inddence of the broad faces upon the adjacent feces of the prism is about 
140*, and ttierefore these faces are inclined to one another at an angle of 180° — 148" 
X 2 = 64°. The crystal is terminated by four minute planes equally inclined to the 
broad &ce and the axis of the prism, Imt two of these faces often disappear, and the 
crystal termuaates in an oblique edge in phuse of a triangular apex. 

If we call A A' the broad faces of the crystal, m, m', m, m' tlie Other four faces of 
the prism, and o, </, p, p' the fiuees oh the summit, the following are the angles which 
they form with each other. 

Incidence of A upon A in a line passing through the axis of the prism 5° 10* 



A upon m, and A' upon m' 148 0 

m upon m 64 0 

A upon o, and A' upon . .113 10 

Anpanj», and A'upony 113 10 

o upon o', and p' upon y 50 10 

A upon A' over 0,0* or 4 36 



The crystals of oxalate of chromium and potash are, generally speaking, opake; 
•and at thicknesses not much greater than the twenty-fifth of an inch they are abso- 
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lately impervious to the sun's rays. In this state their colour, seen by reflected light, 
it neaily blm^ ; but thdr powder is green In dayliglit, and of a Hvnch grey colour 
bjr <»ndietight In the smaller crystab, which are generally the best formed, the 
colour both of reflected and transmitted daylight is blue, but that of candlelight is 
fiurple. I have nol beon able to fin<I any distinct traces of cleavage. 

This salt possesses a powerful double refraction^ wiiicb is no doubt related to two 
axes. In reference to the axis of the prism the double refraction is m^ofive, like 
that of calcareous spar. Hie greatest refradive index is about 1*60$« and the least 
about 1*506, reckoning from a line near the boundary of the Uiie and green rays. 

One of the niost remarkable properties of this salt is the diflrcreneo of colour in flu 
two imiigcs formed by double refraction. At a certain small thi( kaess the ieajst re- 
fracted image is bright bhie, and the nuut refracted image bright greeny in daylight, 
or laight pink in candlelight. The hku oonttuns an admixtore of green when ana- 
lysed by the prism, and the green an admixture of red, the red predominating over 
the p-rcen in randlelight. At greater thicknesses the blue becomes purer and fainter, 
and the green pas^r-- into red; and at a certain thickness the least refracted blue 
image disappears ultugcllicr, and tlie most refracted image is oli\ e green. At still 
greater thicknesses this image disappears also^ and abaoltttc opacity ensues. 

When the crystal is deposed to polarised l^;h^ with its axis b the plane of polari- 
sation, the transmitted light is green ; but when the axis of Hie ciystal is perpendi* 
cular to that plane, the transmitted li^ht is hlue. 

When the oxalate of chromium and potash is dissolved in water its double refrac- 
tion disappears, in consequence «tf tlM particles being released from the force of ag- 
gregation by which they are held together in the solid stat^ and 1^ which double 
refraction is produced. The solution, however, exhibits the same general action upon 
light as the solid. At moderate thicknesses its colour is a dark blneish green by 
dayliglit, and a hng;ht blood red by candlelight ; but when wc increase the thick- 
ness of tiie fluid it becomes of a blueish fink by daylight, and of a deeper blood red 
by candlelight, the red mys continuing to increase both in day- and candle-Iiglit, as 
we lengthen the path of the ray through the solution. 

The most remarkal)le property of the oxalate of chromium and potash, and the one 
on account of which I liave submitted this paper to the Royal Society, is its s|>e( ific 
action upon a definite red ray lying near the extremity of the red portion ol itic spec- 
trum. This is a property which is not possessed by any solid or fluid body with 
which I am acqu^nted, although I have submitted some hundreds of cdonred bodies 
to direct experiment. Like all coloured bodies, the oxalate under our consideration 
exercises a sreneral absorbent -icfion on the spectrum. The smallest thickness of it, 
in which colour is scarcely discernible, attacks the yellow rays of the spectrum on the 
more refran^ble side of the line D of Fraunhofer. As the thickness of colour of the 
solution increases, the eiofe/ rays are absoriwd, and also all the jieHbw, oroi^, and 
less refrangible grem, till the whole space D and part of the spacM on the other 
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side of the lines D,E, are wholly destroyed. In this state the prism irivrs two distinct 
images of objects, viz. a red iind a greenish blue image, which are considerably sepa- 
rated. As tlie absorption advances, the green on the blue side of E, and the blue on 
the violet ride of F, gradually disappear^ till a pttre Uue image aboot F alone remains, 
and tlut too wbdlly vanishes by an increased thickness of tte solution, leaving the red 
rays unaiisorbed. 

While these changes are goin^ on throughout the spcctnim, a specific action is 
exerted upon a red ray between A and Ti of FRAUNHofKK, and in that very part of the 
spectrum over which the solution exercises no general absorptive action. The sharp 
and namnr Made band wluoh is thus fiunned o<mBtltnte8 a jSxe^ Ihm In off m'^fiaai 
^kU, and also in solar and day light, which will enable philoeophers to measure the 
refractive powers of all bodies in reference to this line with an accuracy which could 
not otherwise be obtained, unless by the use of fine prisms of the refracting sub- 
stances, which in most cases are unattainable. 

In order to i i h r this line or band of real use in practical optics, I have endea- 
voured to tlx its place with as great accuracy m possible. Between the lines A, B of 
Fbaunhofbr there is a group of lines neariy bisecting the space A B, which he has 
mariced a in his map. The dark band lies in the space B« ; and if we designate it 
by the letter X, its position is such that B X = ^ B a, or the index of refraction in the 
JFtifpr .<^ecfntm, of the rays hich are absorbed at the band X is almost exactly 
1*330701, the temperahirc of tfic water being 65" of Fahrenheit. 

The relations of this salt to common and polarized light may be readily examined 
and finely exhibited by placing upon a plate of glass a few drops of a saturated solu- 
tion of it in water. If the crystels are dowly formed they will be found of various 
thicknesses, eadi thickness exlribiting a different colour, varying from pediect trans- 
parency, through all shades o( pale fellow, green, and blue, in daylight^ and tlirongh 
all siiades otpaU yellow, pak onrnge, red, and bhief in candlelight. 



Bbiuvills, by KingttstUt 
Monk 2ltt, 1836. 
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Vn. Second Essai/on a General Method in Di/narnics. 5y Willia>i Rowan* Hamilton, 
Member of several Scientific Societies in Great Britain and in Foreign Countries, 
Andrews' Professor of Astronomy in the University of Dublin, and Royal AHro' 
nomer qf Ireland. Cmmunicated by Capimn fiBAUVonr, R.N. F.R.S, 

Reednd October 39. 1834.— R««id Jaauuy li» 1855. 

Introductnry Remarks. 

The fonner Essay* contained a general method for rpdnrin/^all the most important 
problems of dynamics to the study of one characteristic lunction, one central or ra- 
dical reladon. It was remarked at the close of that Essay, that many eliminations 
required by tliia method in ita fifsl conoeption, might be avoided by a general tiana- 
focmalioiij introdudng fhe time expScitly into a part 8 of the whole clmncteristic 
function V ; and it is now proposed to fix the attention chiefly on this part S, and to 
call it the Principnl Funrtum. The properties of this part or function S, which were 
noticed briefly in the former Essay, are now more fully set forth ; and especially its 
uses in questions of perturbation, in which it dispenses with many laborious and cir« 
cuitoos processei, and enables oe to expreta aocuialely the diituibed conl^Tation of 
a lyetem by the ndes of undiitnrbed motion, if only tlie initial eomponents of Tdod- 
ties be clianged in a suitable manner. Another manner of extending rigorona^ to. 
disturbed motion the rules of undisturbed, by the §pradual variation of elements, in 
number double the number of the coordinates or other marks of position of the 
system, which was first invented by Lagrange, and was afterwards iinpntved by 
PoissoN, is considered in this Second Essay under a form perhaps a little more ge- 
neral; and the general method of ealcnlali(m which has already been applied to 
other analogona qaeationa in optica and in dynamioa Ivy the autlior of the preaent 
Essay, is now applied to the integration of the eqnatlons whicit determine these ele- 
ments. This general method is founded chiefly on a comlii nation of the principles of 
variations with those of partial differentials, and may tinuish, when it shall be ma- 
tured by the labours of other analysts, a separate branch ot algebra, which may be 
called perhaps the Cakuhu of Principal Functlom ; because, in all the chief applica- 
tions of algebra to pbyaic^ and in a very extensive class of purely mathematics 
question^ it reduces the determination <rf nunqr mntnally omme^ed ftmctions to the 
search and study of one principal or central relation. When applied to the integration 
of the equations of varying elements, it suggests^ as is now shown, the consideration 
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of a certain Functim of Elements, which may be variously chosen, and may either 
be rigorously determined, or at least approached to, with an indefinite accuracy, 
by a corollary of the general method. And to illustrate all these new general 
pnceuM, but espedally thon which wee connected with problffins of pertnrbotioii, 
they are applied in this I^ay to a veiy nmple example, suggested by the motions of 
projectiles, the parabolic path being^ treated a^ the undisturbed. As a more important 
example, the prol)lcm ot" determining the mofinns of a ternary <tr multiple system, 
with any laws of attraction or repulhiou, and with one predoniin.int muss, which was 
touched upon in the former Enay, is here resumed in a new way, by forming and inte- 
gvating the diflferential equations of a new set of varying dements, entirely distinct 
in theory (though little ilifTering in practice) from the elements conceived by La- 
ORANGB, and having this advantage, that the diffcrcntiah of all the new elements for 
both the disturbed and disturbing masses may be expressed by (he coefficients of one 
disturbing fdnctioo. 

TVm^hrmatiam of Ike Offfhrtufyd Squatiats ShHan ^ <m AttraeHtig or RqietUng 

1 . It is well known to mathematicians, that the diCferential equations of motion of 

any ''^'Stctn of free points, attracting or repelling one another according- to any func- 
tions of their distances, and not disturbed by any foreign force, may be comprised in 
the following furmula : 

2.mi3f'lx-\-i/'ly + znz)-iV: (I.) 

(lie sign of summation 2 extending to all the points of the system ; m being, for any 
one such point, the constant called its mass, and « jr z being its rectangnlar coorffi- 
nates; while af^'z" arc the accelerations, or second differential cuetTK ients taken 
with respect to the time, and i j, it/y I z arc any arbitrary infinitesimal variations of 
those coordinatec, and TJ is a certain /r<r< (../*M;)(//on, iufroduced into dyniimio by La- 
CiRANUB, and invoiviug the musses uiid luutuui distances of the sevcnd points of the 
system. If tlie number of those points lie w, the formula (1.) may be decomposed into 
3 H ordinary differential equations of the second order, between the coordinates and 
tlie time, 

and to inti^te these ^IKwential eqoalioos of motion of an attracting or repelling 
system, or some tramfonnations of thes^ is the chief and perhaps ultimately the only 

problem of mathematical dynamics. 

2. To facilitate and generalize the solution of this problem, it is iiseful to express 
previously the 3 n rectangular coordinates xjfz as functions of ,i n other and more 
general marks of pontion ii 9^ • • • "3* > simI ttoi the ^Serential equations of motion 
take this more general ibrm, discovered by Laokamob, 
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in which 

T=i2.in(««+y» + «l«) (4.) 

For« from the eqaationa (2.) or (!.)» 

T being here considered as a function of the 6 n quantities of the forms V and n, ob- 
Udned by introducing into its definition (4.), the values 



in whidi 



(6.) 



and 



(7.) 



= J7 + + . . . + "i*,,!^, &c. 



(8.) 



A diflfbrent proof of this important transformation (3.) is given in the Mteanique 

Analytique. 

3. The function T being honio^ lu uns of the second dimension with respect to the 
quantities n', must satisfy the condition 

2T = 2.iify^s (0.) 

and mnce tlie variation of the same function T may evidently be «|H«ssed as follows, 

iT = 2(UjV + ^>,).- . . . (10.) 

we see that this variation may be expressed in this other way, 

>T-j(^»ii-|3:8,) <„.) 



If then we put, for abridgement, 

MDCCCXXXV. O 



(12.) 
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and oondder T (a« ire any) aa » fimetimi of tiie fonanriDg form, 

T — P (wj, »2» • • * •$«» 'a* ■ • • 'ai,)» ......... (13.) 

we see that 

J— — »r^i, . . . J— — (14.) 

and 

8F_ H «T . 

»i.--i».""i^:*-»ir/ 

and therefore that the general eqnatkn (3.) may raoeive this neir IrauformatkMiy 

rf>^_>(U-F) . . 

If then we intrtKiuco, for iibrido^onunt, the following expression H, 

II = F - U = F («r„ Wj. • • ■ '^s»' "l' "2* • • • "a,) ~ (''l' '^i' ■ ■ ■ 's,)» • (*7.) 

wc are conducted to this new manner of presenting the differential equations of 
motion uf a system of n poinUi, attracting or repelling one another : 
dn. SH dm. tH 

7i" = ur,«-ff< =-nr* 



dt ~ TmJ dt — 



<A.) 



In this view, tiie proUcm of mathemalleal dynamics, fbr a system of it pdnts, is to 
integrate a system (A.) of 6 n ordinary differential equations of the first order, h«- 
tween the 6 n variables i;. vr. and the time / ; and the solution of the problem ntnst 
consist in assigning these 6 n variables as functions of the time, and of their own 
imtial values, whidi we may call e^p^ And all these 6tt functions, or 6ii rdations 
to determine them, may be expiesMd, with perfiect generality and rigonr, by the 
method of the Ibnner Emay, or by the following simplified process. 

Integration of the Equations of Motion, by means of oae Principal Function, 
4. If we take the variation of the definite mtegral 

snyr^-iv-H)^* .'(••.) 

without varying t or dt, we find, by the Calculus of Variations, 

IS=J^IS .di, (19.) 

in which 

S' = 2 .-rj^^H, (20.) 
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•ad thcrefote 

that ifl, hf the equrtioiM of motion (A.), 

>S'=l(w4;+^J,) = ^2.wJ„ (22.) 

the variation of the integral S is therefore 

>Sas2(wJ«-^ac), (23.) 

{p and e bang stiU initial Talon,) and it deoonipoees itsdf into the following 6 n ex- 
pressions, when 8 k conaidered aa a function of Uie 6i» quanttlia e^, QmiiMng also 
the tume,) 



ts ts 1 

8,,' Pi — - 



(B.) 



ts ts 

which are evidently forms for the sought integrals of the 6 n differential equations of 
motion (A.), containing only one unknon-n function S. The difficulty of matlienia- 
tical dynamics is therefore reduced to the search and study of this one function S, 
which may for that reason be called the Pa2MCi»4i> Fimcrion of motion of a system. 
This function S was introdtioed in the first Essay under the form 

the symlMls T and U having in thb form thdr recent meanings ; and it is worth 
observingt that wlien S is eiqiressed by this d^nlte integral, tlie conditions for its 
variation vanishing (if the final and initial coordinates and the time be given) ate 
precisely tlie differential equations of motion under the torms assigned by La- 
nRANGE. I'he variation of this definite integral IS has therefore the double property, 
of giving the dilforentiai eqaations of motion for any translbnned coordinates when 
the extreme positions are regarded as fixed, and of giving the integrals of those dlf- 
fcrential efpiations when the extreme positions are treated as varying. 

6. Ahliougli the fiinntion S seem» to deserve the name here given it of Prinnpat 
Function, as serving to expres?;, in wliat appears the simplest way, the integrals of the 
equations of motion, and the dilTerentiul equations themselves ; yet the same analy- 
sis conducts to other luncdons, which also may be used to express the integrals of 
the same equations. Thus, if we pat 

«=/'(-2..'^ + H)rf/, (IMO 

and take the variation of this integral Q withoot varying twdt,wt find, by a simi- 
lar process, 

tQ=2(if2»~«2|))i (25.) 

o 2 
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80 that if wp consider Q as a fimction of the 6ii quantities «j p^ and of the timei we 
shall have G» expressions 

•. = +fS,» *'=^l| 

which ai* other foma fiir llie iirteg«ila.of tiie eqnatioai of motion (A.), involviag the 
ibnction Q instead of & • We might also employ the iDtegral 

V=/'2.-|5i^^ = 2/"-rf,, (27.) 

which was cn\\ci\ the Characteristic Fiincf Jon in the former Essay, and of wllicllyWlieil 
considered as a function of the 6 « 4- i qimntiiiei» n^ «| H, the variation is 

J V = 2 (tsrjjj - -i- FI. *. (28.) 

And all thetse functions S, Q, V, arc connected in such a way, that the forms and 
properties of any one may be dednoed from those of any otlier. 



tigation of a Pair of PmikU DifferaUial Sqwiibm of the^firtt Order, wAicft the 

6b In ibnning the variation (33.}f or the partial diflfenntial coeffidents (B.), of the 
Principal Fnnetion the variatioik of the time was omitted) but it is eaqr to cakii- 
IS 

late the coeffidoit -{j oorreeponding to this nwialion, dnoe the evident equation 

77*T7 + 2l^7? 

giv«8« by (30.)* and by (A.), (B.), 

= Sf-2..|5 = -H (80.) 

It is evident also that thin coefficient, or the quantity — H, is constant, 8o slh not 
to alter during the motion of the system ; because the diffisrential equations of mo- 
tion (A.) give 

dH „ /ill dn , 8H dv\ ^ ^ ^ 

If, therefore, we attcnfl to thf^ erjuation (i 7.)> and observe that the function F is neces- 
sarily rational and integer und homogeneous of the second dimension with respect fo 
the quantities we shall perceive tliat the principal function S must satisfy the two 
fidlowing equations between its partiai differential coeffid^ts of tlie first order, 
which offer tlie diief means of discovering its form : 

«S _ /«S 8S IS_ \ _ n / X 1 

-j7 + I* ^s,^ . j~i • • • S, > '?u 'if • • • '"'an) — ^ y1l> ^is ■ • • %J> 



SB , _,/5S 85 5S \ ... . 



KC.) 
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ReciprocaHy, if the fonn of S be known, the forms of these eqtiations (C.) can 1m; 
deduce<l from it^ by elimination of the quantities e or q between the expressions of its 
partial dUfimntU eotSBtSam ; vad Uma m can fetnni from the principd ftmction S 
to the fonctioiu P and U, and consequently to the enprenkm H, and the eqnations 
of motion (A^. 

Analogous remarks apply to the functions Qand V, wliich most satisQir the partial 

differential equatiuusj 



- - ^^^^ *Q^ = ii^iQ*Q 



and 



frT* * ' • fF"»*i* ep . . . «|,^ = H + U (e|, ^ . . . 



. . . (SS.) 



General Method ^ m^pnebig on approximate Expremmjitr Me JViiicqMf JF^ctiou 

tia Oily JVvMsM ^Dgtmmet, 

7. If «e tepamte the principal function S into any two ports, 

Si + S, = S, (34.) 

and substitute their sum fi»r 8 in the first equation (C), the function Fj from its 
rational and int^r and homogeneous form and dimeni^on, may be expressed in this 

new way, 

becanse 

K^^)=K^)-K^) 



► . (3a.) 



and 



and ainc^ by (A.) and ^.}, 



(3G.) 
(37.) 
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^•(iD-J'W-i?,-^ w 

Wft euSy tranofiinn the lint equatioii (C.) to die feUowing, 

^ + U (,....,. J - F(|a. . . ^. . . + F . . . „.), (D.) 
which |^v«8 rigorously 

sappostng^ ooly that the two parts S|, like the whole firincipal fimctioii are 

chosen so as to vanish with the time. 

This general and rigorous transformation offers a general method of improving an 
approximate expre^iou for the principal function S, in any problem of dynamics. 
For if the part Si be such an approximate expression, then the remaining part will 
be amall t and the homoigeneoaB function P involviog libe equares and products vt the 
ooeiBdents of this small part, in the second definite integral (E.), will be in general 
also small, and of a higher order of smallficss ; wo may therefore in general neglect 
this second definite integral, in passing to a second approximation, and may in general 
improve a first approximate expression S| by adding to it the following correction, 

in calculating which definite intqpralwe may employ the following appiwdmate fonnt 
for the intei^ of the equations of motion, 

expressing first, by these, the variables >!, iis functions of the time and of tlie (5 n con- 
stants €( />„and then eliminating, after the integiulioii, the ;< ft quantities /r, byt he yanie 
approximate forms. And wbeu an improved expression, or second approxuuuie vahii 
S| + A Si, for the principal function has been thus obtuncd, it may be substitttted 
in like manner for the first approximate value S„ so as to obtain a still closer ap- 
proximation, and the process may be repeated indefinitely. 

Art nnn)o<rnus process applies to the indefinite improvement of a first approximate 
expression tor the function Q or V. 

RigoriMf Theory ^ Perhirbatiom, founded on the Properties ^ the XHsturbing Part 

^ the irhole Principal Ftinctifin. 

8. If we separate the expression H (17>) into any two parts of the same kind, 

Hi+H,= H, (40.) 
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In which 

H| — Fj (Wj, Op ... flit 1;^ « . Vjii) <^ • • • • • • • ('^ i*} 

and 

Hf = F| M|, . < . 9if ^ • • ^3«) {•it ^ • • » • . . . (42i) 
the functions F| F| U| U« b«u»; such that 

F, + F,= F,U, + U,«U; (48.) 

the diflbrential equatimia of motion (A.) will take this fbim, 

and if the part and its coefficients be small, thqr wfll not dBffisr much from these 
other differential equations, 

rf/ ^TSr^> dt ~ • ^"-^ 

so thfir the rigorous integrals of the latter system will be approximate integrals of 
the former. Whenever then, by u pioper choice of the predominant term Hj, a 
system of 6 n equations such as (H.) has been formed and rigorously integrated, 
giving expresrions fiMr the 6 n variables as fitnctkms of tiie time t, and of Ifaeir 
own uodtial values ji^ which may be thus doioted : 

= Pi (t, ei,e^. .e^^piyPi,. .pan), (44.) 

and 

= 4'i *2» • • ^1 n> T*!, P2» • • Psn) 5 (^^0 

the simpler motion thus defined by the rigorous intcf^rals i f (TI.) mny callf^fl the 
undisturhfd mot'nm of the propose<l system of h points, and the more complex inutioii 
expressed by the rigorous integi'als of (G.) uiuy be called by contrast the disturbed 
muakm of 1^ system ; and to pass from the one to the other, may be called a Fro- 
Uem ^ Pethwhatkm, 

9. To accomplish this poasagi^ let us observe that the differential equations of un- 
disturbed motion (H.), being of the same form as the original equations (A.)^ may 
have their integrals similarly expreased, that is, as follows ; 

-='it. ft— If 

8| being here the principal function of undisturbed motion^ or the definite integitd 

Sj«/'(2.w^-H,)rf*, : . , (46,) 

oonaidNed as a fiuction of the thne and of the qoaatities ai er In lilce manner if we 
repfeaent 8| 4> 8^ the whole principal fiinction of disturbed motion, the rigorous 
integrals of (O.) may be expressed by (B.), as followa: 
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Coiupariog tiie lorius (44.) with the second set of equations (I.) for the integrals of 
wufistDilwd motion, we find that ffae liollowing ffelatkmi be t ween the fimctionfi ft S| 
nrait be rigorously and UenHcally true: 

'k-'fi \*t *i» «i» • • ««■» — — • • — Jt^J • ('*7') 

and therefore, by (K.)j tbat the intfi|;nli of dilinrbed motion may be put under the 
following forms. 

We may therefore calcalate rigorously the disturbed variables by the rules of un- 
disturbed motion (44.)> if without altering the time /, or tiie niitial values ei of these 
variables, which determine the initial configuration, we alter (in general) the initial 
velocities and directions, by adding to the elements the following pertnrbatiottal 
tenrn^ 

Al»i = ||. Aft = Jf,.. A|»,, = ^: (M.) 

9 

a remarkable result, which faicludes the whole theory of perturbation. We might 

deduce from it the differential coefficients 1}^ or the connected quantities w^, which 
determine the disturbed directions nnl vHoritifs of motion at anytime /} bnt a 
similar reasoning gives at once the general expression, 

implying, that after'altering the initial velodties and direetions or die elements as 

before, by the pertnrbational terms (M.), we way then employ the rules of nndtstmbed 
motion (45.) to calculate the veloeities and directions at the time i, or the vatTing. 
quantities 0^ if we finally apply to these quantities thus calculated the following new 

corrections for perturbation: 

A-.=;-^.A-.-{s,..A-..=^^ (o.) 

^ppro^mate etpremons dedueed/rom the/ongoktg rigmms Theory. 

10. Hie foregoing theory gives indeed rigorous expresdons for the perturbotiom^ 
in pasdng from the simpler motion (H.) or (I.) to the more comph« motion (6.) or 
(K.) : but it may seem that tliese expressions are of little use, because they mvolve an 
unknown disturbing function (namely, the perfurbutioiud part of the whole princi- 
pal function S,) and aho unknown or distiirheci coordinates or marks of position 11.. 

However, it was lately shown that whenever a iirht approximate form for the princi- 
pal function S,sndi as here the principal fonctlon of undistnriied motion, has been 
fiDond, the correction can in general be assigned, with an indefinitely increasing 
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accuracy ; and since the perturbations (M.) and (O.) involve the disturbed coordi- 
nates i;^ only as they enter into the coefficients of this small disturbing function S^, it 
is evidently permitted to substitute for these coordinates, at first, their umiisturl)ed 
values, and then to correct the re&uks by 6ubstitutiiig mure accurate expressioiui. 

11, The fonctioii S, of ondiBturbed motion must satisfy rigorously two partinl dif- 
ferential eqiiati<»s of tlie form (C.)* namely, 

Tt ' ^ • • • 6^^' In ' • • l3nj — '^i v^n • • • 

tS, , /IS, 8S, \ , ^ I ' ^^'^ 

and therefore, by (D.)^ the disturbiag fanction must satisfy rigorously the following 
otlier condition : 

•^asU, (nif . . ^aJ— ^tij^t • • •!» • • %»)+ ^(f^» • • f^^> • • %»)»^^'' 

and may, on account of the homogeneity and dimension of F, be approximately ex- 
pressed as follovra t 

=J^ { U» fa (j^, ' ■ iiy . . flaj } <^<. • • • 

<Nr thus, hy (I), 

$2 =^ ^ Ujj(Si, • . ^ J — Ft (»!» • * *sii» «i» • • s» J ^di, . , . . (S.) 

that is, by (42 ), 

H,rfl. (T.) 

In this exprauicm, is given immediately as a function of the varying quantities 
9^ but it may be considered in the same order of approximation as a knovn func- 
tion of their initial values and of the time I, obtained by substituting for 9, 
tlieir nndisturbed values (44.) (45.) as functions of those quantities; its variation 
may therefore be expressed in either of the two following ways : 

in,mt{i^in + '-^i.), («.) 

or 

JH,= 2C-i^«ieH-^'J;,)+^«5l (49.) 

Adopting the htter view, and effecting the hitegration (T.) with respect to the 
time, by treating the elemmts 0^ as coDstant, we are afterwards to substitute for 
the quantities p^ their undisturbed expresnons (99.) or (I.), and then we find for the 
variation of the disturbing fonction the expmrion 

M]>CCCXXXV. P 
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which enables us to transform the perturbatioual terms (M.) (O.) into tbe following 
approximate forms : 



and 



I C i 1| */ 0 0 p ' 



(V.) 



containing only funcrionH and quantities which may be regarded as ^ven, by the 
theory of undihturbeil motion. 

12. In the same order of appnndmation, if the variatioii of the expression (44.) for 
an undisturbed ooordinate be thus denoted, 

ln,= '^it-^l{^le + ^hpl (51.) 

the pertorbatioD of that coor^nate may be expressed as follows : 



(62.) 



• « « * * 



that is, by (U.), 

, /Hi's, . »ii S,, s^s, X /•'JHs., 

• • • • • 

iiesides, the identical e(}uat5on (47 ) gives 
the expression (62.) may therefore be thus abridged, 

and show s that instead of the rigorous pertarbatiooal terms (M.) we may approxi- 
mately employ tbe following, 

^'.--j:'-^'". (V.) 

in order to calculate tbe disturbed configuration at any time / by the rules of undis- 







(53.) 



(X.) 
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turbed motion, provided that besides thus .dtering the initial velodtiei and directions 
we alter also the initial configuration, by the formula 

^^i-jTi^^' • 

It would not be ^lEcnlt to calculate, in like manner, approximate expressions for the 
diBturbed directioaa and velocities at any time 1 1 but it is better to resume, in an- 
other way, the ngorons problem of pertuibation. 

Other Rigorous Theory of Perturbation, foumied on the proprrtlc.s of the disturhivg 
part of the constant of living f or ce^ and giving formula: for the Farialion of Elv- 
mmti mare m»abgotts to #Aow abtaify knoum, 

13. Suppose that the theory of undisturbed motion has given the 6 n constants 
or any combinations of tbese> »|y . . . x^,, as fiinctlons of the 6is variables 

and of the time t, which may be thus denoted : 

» = Xi ('» »if %p . . 'u •»» • • »s,>. • . (54.) 

and which give reciprocally expressions for the variables i). v. in terms of tliese ele- 
ments and of the time, analogous to (44.) and (45.), and capable of beiqg denoted 
sinularly, 

= ^1 ((» *i» ^ • • • *»»)* *! ™ "^i ('» »!» *a» . • . J i .... (65.) 
then, the total differential coefficient of every such danaU or fiinction taken with 

respect to the time, (both as it enters explicitly and implicitly into the expressions 

(54.),) must vanish in the undisturbed motion ; so that, by the differential equations 
of such motion (H.), the followiag general relation must be rigorously and identical^ 
true: 

•=-ri+nT7^-.-^^) 

In passing to disturbed motion, if wo retain the equation (54.) as a tJcfinition of the 
quantity that quantity will no longer be constant, but it will continue to satisfy 
the inverse relations (5.').), and may be called, by analogy, a varying dement of the 
motion ; and its total differential coefficient, taken with rcttpect to the time, may, by 
the identical equation (56.), and by the differential equations of disturbed motion 
(O.), be rigorously expressed as follows : 




14. T!ii^ result (A'.) contains the whole theorj' of the gradual variation of the ele- 
wentti of tiisturbed motion of a system ; but it may receive an advantageous titins- 
Ibrmation, by the substitution of the expressions (55.) for the variables n^ as func- 
tions of the time and off the dements ; since it will thus conduct to a system of 6 n 

pa 
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rigoroas and ordinary differeiUial equations of the first order between those varying 
dements and the time. Expressing, therefore, the quantity as a function of these 
latter TOriabke, its Tsriatlon ) takes this new form, 

JII, = 2.^*J, + yis/, (67.) 

and ^vtBf by comparismi with the form (48.}, and by (64.), 



8H. ? 



and thus the general equation (A<.) is transformed to the following:, 
in which 

„ /8k, 8k. 8x, 8«\ 

so that it only remains to cliriiiiiatt: the variables n a from the expressions of these 
latter coefficients. Now it is renmrlcabie that this elimination removes the symbol / 
also, and leaves the coefficients at,» expressed as functions of the elements « alone, not 
explicitly invoMng the time. This general theorem of dynamic^ which is, perhaps, 
a little mora extemyve than the analogous resolta iBscovered by LftoaANoa and by 
PoissoN, since it does not limit the distarbing terms in the differential equations of roo> 
tion to depend on the configruration only, may he Investigateil in the following way. 

15. The sign of summation 2 in (C), like the same sign in those other analogous 
equations in which it has already oocnrred iritbout an index in this Essay, refers not 
to the expressed indices, such as here tV«, in the quanti^ to be summed, but to an 
index which is not expressed, and which may be here called r ; so that if we intro- 
duce for greater clearness this vai'lable index and its iimits, the ejcpression (C>.) be- 
comes 

' 8x. tx. tx. tx ' 



3n / ex. Ix. Ix. i»\ 

and its total differential coefficiott, taken with respect to tlie time, may be separated 
Into the two following parts, 

which we shall proceed to calculate separately, uud tiieu to add them together. By 
the definition (54.), and the differential equations of disturbed motion (G.), 



(60.) 
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in which, by the identical eqnation (66.), 

we have therefore 

3ff ""full i'^ *' ' r !»! Ed sin / ' * v**'' 



and ^ 1^ may be found from tbis, by merely changing i to « : ao that 



(64.) 



(65.) 



and similarly, 

2 3".s«f/£». I'K _8\ ^*. \8H,. /8ic. 8« 8«x x8H« 

(-•.•) ».i 1 V8t»^8i^8^^ 5^8l,*'), ' 8w, \8«^8»^8i, 8«^ 8«,8i/ 8^^ 

^ 8x^ _ 1^ llA j'iL + fl*- *!• - il' i!!") 1 ^ 

\8«^Fii^ 8«^ Sijy Sct^?,^ VSta^^Scr^ Iv^ tvj 8n^ 8>|^ J ' 

Adding, therefore, the two last exprearimM* and making the redoctioni which pre- 
sent themsehres, we find, by (60.), 

i^v=C«^+<^J 

in which 

tm) _3i»/8x 8*K, 8«. fx 5x In. 8'*, \ 

4« (r)l \ 5i, rw^TaT ii)^8«^8w^ 8t»^ 8w„8i|^ tv^i%J* 

' -s*/^* ^« 8k. 8x 8«x. X 

B = 2 ( ' ~ — — ' ^ I ' - ~ ^ 1 • 

(r)l \8w, Sq^eij^ 8«j^ 8ig^8n^ 8^^ Sij^Bnr^ 8(,8i|^8«/* 



(66.) 



and unce this general form (D'.) for r/,^ contains no term independent of the dis- 



8 H 8 H 

turbing quantities -y^, -j^, it is easy to inter from it the important consequcni,-u 
already mentioned, namely, that the coefficients a^^g, in the differentials (B'.) of the 
elements, may be expressed as functions of those elements alone, not explicitly in- 
volving the time. 
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It is evident ako, that these coefficients o^, have the property 

o«i = - «<,,» (67 ) 

and 

«4i = 0; (68.) 

theterinproportioiialto-|^ diwq[kpeai« therefore from the cxpradoa (B*.) for-^ifs 

'Mid the teria 

destroys the term 

8k, «». 8)c, f// ' 

when these terms urc added together; we have, therefore, 

2.i^|j=o, m 

or 

^ = (P.) 

that is» hi takhif the fint total diftrendal coefllcient of the disturbing expresdon Hf 
with respect to the time^ the dementB may be treated aa coutanL 

Simplification of the difj'fi entlal equations which detcr/nhie these gradtialb/ rnrnpng 
elements, in any problem of Perturbation ; and Integration of the simplified equation* 
b}f means of certain Functiuns of Elements. 

lU. The moai natural choice of these elements is that which muliea them corre- 
spond, in undisturbed motion, to the initial quantities e^ pf. These quantities, by the 
dilftrmtial equations (H.), may be expressed in undisturbed raotion as fiMowu, 

"="-/'^"' (•»•) 

and if we sQppose them fimnd, hy eUmbatioiij undw tlie forms 

— + ^1 •!» ^ - ♦ • •sii)* J 

it is easy to sec that the ibilowing equatiois mast be rigorously and identicaily tme, 
for all valnes of ]|| 

Whim, therefore, in passiDg to ^turlied motion, we eslahUdi the equations of defi- 
nition. 



) 



^(<*»Si»^ •••^ii»»i»*a» I ^ 

^1 P** ^ • • • •» • • • J 
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•l ™ 9i + (^ ^If ^ • • • •!» «!»••• •an)* I J 

A| = «| + ^1 «i» • • • 'iiB *i» •» • • « •!»•)* J 
introdudng 6 » varyin|p dements «( X|, of which the set w«Mild have been represented 
in our recent notation as follows : 

h — »9*+ti . . . • (78.) 

5x 2x 5a 8a 

we see that all the partial dilferenttal coefficients of the forms — — ^-J, vanish 

OV ««r ••r 

when / = 0, except the followiog : 



and, therefore^ that when f is made s 0, in the coeffidents a^^ (&9.), all those coeffi- 
cients vanish, except the following : 

''FvSiH-r™ 1* «i«+nr= — 1 

Bat it has been proved ttiat these ooeflicients a^g, when exprened as fonctions of 
the dements, do not contain the time explidtly ; and the sapposltion t = 0 introduces 
no relation between those 6n dements «| X« winch still remain indep»ident : the co- 
efficients Of^g, therefore, could not acquire the values 1,0, — I, by the supposition 
/ = 0, unless they had those values constantly, and independently of that supposition. 
The differential equations of the forms (B'.), may tlirreforc be expressed, for the pre- 
sent system of varying elements, in the following simpler way : 

and an easy verification of these expressions is offered by the formula which 
takes now thfe form, 

^ywSf-^Trst)-^ 

17. Hie uiitial valnes of the vatying elements «| X| are evidentiy pt, by the deft- 
nitions (73.), and by the identical equations (71) s the problem of integrating rigo- 
rously the equations of disturbed motion (G.), between the variables «, and the 

time, or of determinint^ these variables as fiinctions of the time an<! of their own 
initial values p is theretore rigorously transformed into the problem ot integrating 
the equations (.G'.), or of deteruiiniug the 6 n elements «j "Ki as functions of the time 
and of the same initial values. The chief advantage of this transformation is, that if 
the perturbations be small, the new variables (namely, the elements,) alter hot little : 
and that, nnce the new diffierential equations are of the same form as the old; tfaey 
may be integrated by a nmOar metiiod. Conddering, therefon^ the definite integral 

E=/'(2.x'-^«-H,)rf/, (7C.) 
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as a function of the time and of the (i n (|uantities K^, • • • «3b> fu • • • ^jn? ''"'^ 
observing that its variation, taken with respect to the latter <iuantities, may be showu 
by a procesh similar to that of the fourth nuiuber of this Essay to be 

JE = 2(xa«-/>oO, (I'.) 

we find that the rigorousi integrals of the diffei'cntial equations (G'.) may be ex- 
pressed in tlie following manner : 

S E SE 

in wtiieh there enters only one unknown /uneHom ^ demaOt £, to the search and 
study of which single fhnctioo the problem of perturbation is reduced by this new 

method. 
We might also have put 

'^"Xi-^'-^*"')''*- 

and have considered this definite integral C as a function of the time and of the 6 n 
quantities and then we should have found the following other forms for the hi- 
t^rals of the differential equations of varying elements, 

_ _i_ _ L5 fti\ 

And each of these fmuHoiu of elemmUfCtMA £, must satisfy a certain partial differ- 
entiid equation, analo^us to the fir«!t equation of each pair mentioned in ttie uxth 
number of this Essay, and deduced on similar principles. 

18. Thus, it is evident, by the form of the function £, and by the equatioui> (K'.), 
(C), and (76.), that the partial differential coefficient of this function, taken mth 
respect to the time, is 

JE^rfE « 8 E rfx „ .... . 

iT^ir? - 2.17-37 = - H,i (M«.) 

and tlierefore that if we separate this fonction £ into any two parts 

E, + £»sE; (N».) 

and i^ for greater clearness, we put the expression Hx under the form 

Ha = H, (#,«|, «2» « • • *sii» *a» • . . *»ii)> (O*.) 

we shall have rigorously the partial diflferential equation 

" = + 1 + H. (*,..„.. ^„ II; + ^1;, ... + = (p. .) 

which gives, approximately, by (G'.) and (K'.), when the part Ej is small, and when 
we neglect the squares and products of its partial differential coefficients, 

«=Tn'+^+H.«,%....«.«T|....r||) W.) 
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lis 



Hence, in the same order of approximation, if the part £|, like the whole function £, 



be chosen so as to vatilsh with the timej we shall have 

and thus a iat approrimste eqwemon E, can be stHMsea^vely and indefinitely cor- 
rected. 

Again, by (L^.) and (G*.), and by the definition (77.)* 

the Amotion C nnst therefore satisfy rigorously the partial differential equation, 

T^ = H,(/,i^....^,X„...X..): (T«.) 

and if we put 

C = Ci + C„ (U».) 

and siq»pofle that the part C, is small, then the rigorous equation 

12. . 8C,_ / !C. !C, «C, \ 
8/ ^ 8/ ~ "« V' 8x, ^ «x,'*-*8A^i^ + 8Ag^»'n'"'^»"/ • ' • ■ •) 

becomes approximately, by (G>.) and (L'.), 

^ = - ^ + Hj (/, . . . K„ . A,.), (W>.) 

and |;ive8 by integpration, 



<^™^| — ?l^ + Hj(#,|^,...^,x„...x„)J'rff, .... (X*.) 

the parts and being supposed to vanish separately when / = U, like the whole 
function of dements C. 
And to obtain sndk aflrst approximation, £| or C|, to dtherof fbcse two functions 

of elements E, C, we may change, in the definitions (76.) (77-)> ^be varying elements 
«, X, to their initial values e, p. and then eliminate onf set of thtsc initial values by 
the corresponding set of the following approximate t^uations, Ueduced from the for- 



mube (G .) : 
and 

n=/''-Xh'^' 



It is easy also to see that these two fimetions of dements C and E are otmnected 

with each other, and with the disturbing function Sj, so that the form of any one 
may be deduced from that of any other, when the function S| of undisturbed motion 
is known* 

MVCCOXXT, 4 
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Analo'jinis formuke for the motion o f a Single Point. 

19. Our general method in dynamics, though intended chieny for the study of 
attracting and repelling systems, is not confined to mch, but may be used in ail 
questions to which the lair of living forces applies. And all the analysis of this 
Essay, but especially the thetny of pertnrbationB, may vsefally be illustrated by the 
following anulogoiis rcfisonings and results respecting the motion of a single point. 

Imagine then such a point, liaving for its three rectangular coordinates z, and 
moving in an orbit determined by three ordinary differential equations of the second 
order of fonns analogous to the equations (2.), namely, 

U being any given function of the coordinates not expressly involving the time; and 
let us establish the following definition, analogous to (4.), 

T = -^(y2+y2 + 2'^2), . (79.) 

yy s* being the first, and .i" y z" being the second differential coefficients of the 
coordinates, considered as functions of the time t. If we express, for greater gene- 
rality or facility, the rectangular coordinates x ^ z as functions of three other marks of 
podtion iiyn^n^T will become a homogeneons fiinctioii of the second dhneosiai of 
their first differential coefficients V| Hz ffs taken with respect to the time } and if we 
pat, for abridgement, 

JT 8T IT 
*»*"f7;» ^t-I^. "ii^fT;. (80.) 

T may be considered also as a fimction of the form 

T = F{wi,w»w„Si.«bfl!,), (81.) 

which will be homogeneous of the second dimendon with respect to w« w$. We 
may also put, for abridgement^ 

F •'2» "3' "17 Tj. f'.i) — ^ (lit fji O = H ; (88.) 

and then, instead of the three differential equations of the second order (78.), we may 
employ the six following of the first order, analogous to the equations (A.), and ob- 
tained by & similar reasoning, 

It »" 8w,' d< — 8wg' dt -"^ 8«3' i 

20. The rigorous integrals of these six differential equations may be expressed 
under flie following forms, analogous to (B.), 

_ 8S _ 8S 8^ •» 

'»-iv •*-iv •^-•v [ 
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in which e.2 Pi Pi P.s ^iff the initial values, or values at the time 0, of «| 
V| «j| and S is the definite integral 

S=yo V'^i8^ + ''28^ + ''38^,-Hjrf/, (8S.) 

con!?iderefl as a function of >>j and t. The quantity II does not change 

in the course of the motion, and the function S must satisfy the foUomng pair of 
partiiil (fiflfemitial equations of the first order, analogous to tlw pair (C), 



"|7 \fi|S[* t^' ^ 'V ~~ ^ v'Ju 'h> W ! 

18 , ^flS tS 8S \ 



(86.) 



This important function S, which may be called the princijud function of the motion, 
may lience be rigorously expressed under tlie I'ullowing furuij obtained by reasonings 
analogoos to those of the seventh nmnher of this Essaj*: 



(87.) 



S, being any arbitmry function of the same quantities jjj (j^ jfj f, so chosen as 

to vanish willi llie time. And if this arbitrai-y function S| be chosen so as to be a 
first approidmate value ni the principal function 8, we may neglect^ in a second ap- 
proximation, the second definite integral in (87.)- 

21. A first approximation of this kind can be obtained, wliencver, by scparatin'^^ 
the expression H, (B2.), into a predominant and a smaller part, Hj and Hj, and by 
neglecting the imrt H^, we have changed the differential equations (83.) to others, 
namely, 



dwi IH, dv^ _ _ 8H^ _ m 



(88.) 



and have succeeded in integrating rigorously these simplified equations, belonging to 
a simpler motion, wtiicii may be called the undisturbed motion of the point. For the 
prindpal fonction of snch nndistuAed moti<»i, namely, the ddfinite integral 

considered as a function of >?, nt e, will then be an appraximAteTafaie for the 
original function of di.sturbed motion S, wfaicb migtnal fiioctioa corfcqpcodi to the 
more complex differential equations, 

Q 2 
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(90.) 



Tbe function Sj of undisturbed motion must satisfy a pair of partial differential 
equations of the first order, analogwu to the pair (86.) s and the integrala of undift- 
tarbed motion may be repmented thus. 



_ ! S, _ 6 S, _ 8 S, 
"'l - 8,,» ^2- 8i^' "3- 8V 

IS, 8 S, 8 S, 

Pi * - F7f» J»t*' ~ 87,' Pa - ~T7, = 



(91.) 



while the integral uf disturbed motion may be expressed with equal rigour under tbe 
following analogous forms, 



^l!^ iS,.8^ 

8S, 8S. £S. 8S, 8S, 8S, 



(92.) 



if demite Hw rigorow oometikm of $i, or lite dktnrlihig part of die whole priacipal 

function S. And by the foregoing general theory of approximation, this dl-^torbing 
part or fimction S| may be approadmately represented by the deinite integral (T.), 



in calculating which definite integral the equations (91.) muy be employed. 
22. If the integrals of undisturbed motion (91.) have given 



and 



— ^lif, ('i, <*2) PuPtyPih 
'»2 = <P2 ' l* ^2> «3» ?1> ^2' /^)> r 



(94.) 



»i = ('» «i» ^ ^» Pv P» Pi)*^ 

^»^4'tif»^v^«3> PuP»p3), f (95.) 

•3 = ^ ('» <^3» Pi* P» ft) J 

then the integrals of disturbed motion (92.) nuiy be rigorously transfurmed as follows, 

•i = ft + A + if* A + 

^ /m ,5^2 , . 8Sa\ 

nt = h \t,ei,ei,e^,pi + + ^.^^ + . . . (96.) 

«3 « fi ^'»«l»«»«Mft + 17;, Pt + 8>,' + i7J^ 
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and 

•i = f^ + ^i('»«i.<i»«5»J'i + l|.A + ff.l^» + r|)' 1 

$2 being here the rigoroua ^aturbing fanetkin. And the pcrturbBtionB of position, aft 
my time t, may 1>e approximately exprened by the foUowmg formula. 



togetiier ^th twodmflar forandm for the perturbations of the two other coordinates, 
or maifcs (rif poijition k^, ri^. In these formulae, the coordinates and Hj are supposed 
to be expressed, by the theory of imdistarbed motion, as fbnctions of the time t, and 
of the constants Pi Pzp^' 

23. Again, if the integrals of in^stnrbed motion have given, by elimination, ez- 
pressiona for theae comtants, of the forma 



(99). 

*j = «i + ^s('»Wi.%,%»»i»«ib<^» J 

and 

/fl = »1 + ^1 ('» lit If 'Sj *2» ^3)^ *) 

ft = Wj + ll, li, Kj, BTi, OTj, I (100.) 

ft " ^3 + ^3 ('» '11 'h> '3> ^3) ; J 

and if, for disturbed motion, we establish the definitions 

«S — «g + <I>8 %»«1,»|»»3)» f (101.) 

and 

= ^1 + 4'', (/, >»i, «52, Ifj, Wj» Wjj 1 

^ = -f- ^2 JJj, »J2J ®l> ®2f r ('Oii.) 

^3 = *3 "f" ^3 ('» "n Ity "'li "^*» '"3) i J 

wc shall have,, for such disturbed motion, the following rigorous equations, of the 
forms (94.) and (96.), 

('» *!» *»» ^ '^i* ^ ^» 
% — ('» *l» *4i 
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and 

•l — 4*1 ('>«l» «» <te ^> ^1 %9)j 1 

«i=^('*«i,«t,»if3^i.^*a), > (104.) 

and may call the quantitiea «^ te, X| the 6 miylng demeiito of the oiotkm. To 

determine these six varying elements, we may employ the six following rigorous eqna^ 
tions in ordinary difilrentials of the first order, in whicJi II, ic supposed to have been 
ex{>ressed by (103.) and (104.) as a function of thp elements and of the time: 

^ \ (105.) 

rfXj _ 8H, _ _ 8H, _ _ liii f 

and the rigorous inte|^ral8 of these d equations may be expressed io the following 

maimer, 

_ 8 E 8 £ 8 E 

Vl 8,,' Pi - - it^' Pi Sf»' 

the constants e, e, ^, //j p^^ retaining their recent nifanings, and being- therefore the 
initial values of the elements xj '^i ' i H * the function £^ which may be 

called the function of elemenit, because its form determines the laws of thdr variations, 
is the definite integral 

E +». '^^ + 'i^ - H') ■" < ) 

<on«idfred as depending: on «2 '^i ''i ''^ ^3 (uid /. The integrals of the equations (105.) 
amy also be expressed in this other w&y. 



(10«.) 



, 8C . BC __L«C 

_ 8C _ IS _ 8 C 

^""""W 



(108.) 



C being the definite integral 

regarded as a function of p^ p^ and / : and it is easy to prove that eaeh of 

these two JumeHaiu ekmmtt, C and E» must satisfy a partial cUfl^rential equation 

of (lie rir>t order, which can be previously assigned, and which may asaitt in disoo- 

vcrintr the forms of these two functions, and especially in improvinj^ an approximate 
ex|ireasiou for either. All tliese results for the motion of a single point, are analogous 
to the results already deduced in this Essay, for an attracting or repelling system. 
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Mathematictil Example, suggested by the motion of PrnjectUes, 

24. If the three marks of position i^j of the moving point are the rectangular 
coordinates themselves, mul if the function U has the form 

U=-^%- Mr(V + '»2*) + '^'»j'}, (110.) 

g, fji., t, being coustauts ; then tlie expression 

H = i(V + ira» + «r,*)+^,a + i{/*MV + ')i») + »*«»ii*}. . • (111.) 
it that which must be nbitituted in the general forms (630s in order to form the 6 
diliiirentlal eqnationa 4^ motion of the first order, namdy. 



These dilfarential equations have for thdr rigorous Integmls tiie foUowing, 



and 



S^ssc^O<»fb< + ^siD^/> >■ (113.) 

ni = e^ cos » t + ysin»< — ^ yersif J 



(114.) 



wj as COS f* * - f» ei sin p f , 
•a = ft - «^ sittf* ^ 

= p3 COSff — (» Cj + ) sin » < ; 

*2 *3 /'i /'i/'a l^ciiig Jj^ill initial values of m li ni wi ^% 

Employing these rigorous integral equations to odcnlate tlie function that is, by 
and (110.) (lll.)> the definite integral 

S=jr«'(^'/±SI' + U)rf#. (116.) 

we find 

»(«r,» + wt*+»3*) = *{Fi* + l^+ft*+f»*(*i* + e,«) + (»*i + fy}l 

+ i {Pi'+Pt"^ - (ei' + ej'O} cos 2^*/ - (c,;), + e^p.,) sin 2p/ >(1 16.) 



and 



U = I? - i { Pi* + ft* + ft' + f** (V + V) + (' *a + ^) * } I 
+ i {ft*+ft*- + *^^} coeap* - (Sift +€ift)8in2f*# (lir.) 

+ i {pa'- ('«r3 + fyjcosa»<- i(»e3 + f)/»j8ln2f*; 

and therefore. 
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In order, however, to express this function an 6uppo8eU by our general method, in 
terms of the final and initial coordinates and of the time, we must employ the analo> 
acpreflsiona for the constants j»| j»| deduced from the int^rals (1 ld.)f namely, 
the following: ^^~^e.co«^< 



sin »/ 



and then we find 



(119.) 



s = 



taatt 



- f» (», e, + % <g tan + -jt) (e, + ^) tan 



(ISO.) 



ItSB principal function S sutisfies the following pair of partial difierential eqoations 

of the first order, of the kind (86.), 



(121.) 



^+4{(J^)+(i|)'+ ({e)'}=-".-^<'.'+'«- 4*'. 

•1I + T { 01) • + 01) ■ + (^)" } = - ^ ^ ( V + V) - 4 • 

MtA y t£« ybrm Aa</ 6cen previousli/ found, by the help of this pwr, or in any other 
Avny, thf iniegrals of the equations of motion might {bgf ow general method) Itave been 
deduced from it, under the forms, 

«, = 1^ s= — Cj) cotan/*^ - fiCitan 



*'j = l^ = ^()!j — ea)cotan/u./ — ^fjjtan 



and 



IS 



- «a) cotant I - + ^) tan ^, 



(122.) 



8S 



l>i = — 1^ = — €1) cotan^/ + tan -5-, 
ft = - « j» (^i - «i) cotan ffc I + ^»«ft tan ^ , 



(128.) 



j»i= - f|- = K^d - «i) «rtan»< + f ) too V •• . 

the last of these two sets of equations coinciding^ with the set (1 19.), or (113.), and 
conducting, when combined with tlie first set, (122.)« to the other former set of inte- 
grals, (114.). 



. J . d by Google 



PROrSBBOR HAMILTON ON A GBKBRAL MBTROD'IN DTNAMICO. 



ISl 



25. Suppose now, to illustrate the theory of perturbation, that the constants fi>, * 
are small, and that, after separating the expression (11 1.) for H into the two parts, 

Hi=i(V + «r22 + W32) + 5'^^ (124.) 

and 

H2 = i{j«,2(,,« + ,,2)+»2,^2}, (125.) 

we suppress at first the small part H2, and so form, by (88.), these other and simpler 
differential equations of a motion which we shall call undisturbed i 



ih — ^ ^ — • life — - 
dwt ^ dm^ . dv^ 

-it^^'-ii-'^^'-df^'S' , 



(126.) 



and 



Theee new equatioiia have f4w th«r rigorow integnila, of the fimns (94.) and ^.)^ 



^\=V\, ■^2~P2^ «Z = V:'i - S^'^ 

and the principal function S, of the same undisturbed motion is, by (89.), 

^ (il±£Lt2£ ^ge,)t- gp,fi + ^^fi, 
or finally, by (127 ), 



(128.) 



(129.) 



(180.) 



This function satisfies, as it ought, the following pair of partial differential equa- 
tions, 

8S, 



(131.) 



And if by the help of this pair, or in any other way, the form (130.) of this principal 
function S| had been found, the integral equations (127.) and (128.) might have been 
dednced fipom it, by our general method, as follows : 



8S, n, — ^ , ^ 



(132.) 



MDOGGXXXr. 
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1S9 
and 



nonam huolton on a qihbbal iothod in dtnamics. 



(139.) 



the latter of these two sett coinciding with (127.), And the former ut conducting to 
(128.)> 

96. Retoming now from this nmpler molMMi to the more complez motion firtt 
mentioned, and denotiDg hf 8| the tBtlurimg part or Amotion whkdi mnit be added 

to S| in order to make up the whole principal function S of that more oomflex mo- 
tion ; we have, by a])plying ottf general method, the following rigorona cxprawloii 

for tbifi disturbing function, 

^— x».'"+/'i{G|'y+Gt)'+(j|)'}-. . (.«.) 

in which we may, approximately, neglect the second definite integral, and calculate 
the first by the help of the equations of nmUstnrbed motion. In thia manner we find, 
approximately, by (125.) (127.), 

- H, « - ^ { («» + ft <)• + ('t + aO» } - r (-i - i**^** 086) 
and tiier^nw, by integration, 



(136.) 



(isr.) 



- i {H^(A*+ft«) 

or, by (138.), 

the error b^g of tiie fourth order, witii mpect to the small qnantitiea p, r. And 

neglecting this small error, we can deduce, by our general method, appraadmato forms 
for the integrals of the equations of disturbed motion, from the corrected fonction 

S| + as follows : 



(138.) 
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aod 



8S, 8Sg 



> (180.) 



(140.) 



(MI.) 



ft-"I5-I^- 
or, in tlie nine order of appraanuUtoD, 

"2 = Pa - ' + l^/'a 

•.=ft-ir<-»»K*»+Tft'^T**')* . 

AocordhiKly, if ire derelope the i^orons IntegFBls of diatarbed moU<w, (113.) and 
(114.), as far as the iquares (inclusive) of the small quantities and we are con-> 
ducted to these approximate integrals ; and if we develope the rigorous expression 
(I'iO 'i for the principal function of such motion, to the same degree of accuracy, we 
obtain the sum of the two expressions (130.) and (137')' 

87. 1V> niiistcate etill further, in the jireient eiample, otur general method of snc> 
oessive aj^nniinBtion, let 1^ denote the amallnnknown oorrection of flie appnudmate 
expression (1S7.)« «o tikat ve iliaU wnr have« rigoranaly, for the present dtitorbed 
motion, 

S = S, + + S,,, (142.) 

and being here determined rigorously by (130.) and (ld7.). Then, substituting 
S, + S, for in the general tiaufamation (87.), we find, rigorously, in the present 
qoestion, 



(148.) 



and if we negleet only terras of tlie coghUi and higher dimeD^oos with respect to 
tiw email quantities fk, p, we may confine onrselTes to theiint of tiiese two defimte 
integral, and taay employ, in calcnklinf it, the syptogdmata eaqpresMS (140.) for 
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the coordinates of disturbed motion. In this manner ve obtain the very appnnimale 
expression. 



^ (4 «,» + 7 «i ej + 4 (fj^ + 4 V + 7 «!g ea + 4 ei,«) 
3^ (4 >J3* + 7 i^j e3 + 4 ~ (^j^ + ^3) - -josoT 



94J l^i* + ^"i *i + '»* + TB'^*^ + *tO 



(144.) 



which is accordingly the sum €f the terms of the Jburth and sixth dimensions in the 
devdopment of tiM rigonms expression (ISO.), and gives, by our general method, 
correspondingly approximate expressions Ibr the integrals of daturbed motion, under 
the forms 



as. . 8Sj 8^ 



(145.) 



and 



Pi 
Pt 





8S^_ 














8 S3 










8S, 









(146.) 



38. To ilbmtiate by the same example the theoiy of gradoally varying ekments, 
let us establish the foUowbg definiUons, for tbe present disturbed motion. 



(147.) 



*1 — "^l — ^l^> *2 — 'Jj ~ *2 *3 — ''.1 ~ ^3 ' i S ^> 
^1 — = Wj, ^3 — "^3 + ^ 

and let us call these six quantities «i «2 «j \ >.o ?>j the vanfing elements of that motion. 



by analogy to the six constant qiiantitici^ 



°j PiPiPif which may, for the un- 



disturbed motion, be represented in a similar way^ namely, by (127.) and (128.), 
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We shall then have rigorously, for the fix. disturbed variables «| m % «i «a> ^* 
piesdons of the same f<»rms as in the hit^^rab (isr«) and (128.) of ondislurbed 
motioiif but with variable instead of constant elements^ namelyj the following: 



= *j 4- Xi /, >J2 = *g + Xj »J3 = «3 + ^ — -o ^ t^: 



Wi =s Ki, 



= X3 - ^ / i 



(149.) 



and tbe rigorous determination of the six varying elements *i x , > j > , h^, rts ftmc- 
tions of tbe time and of their own initial values ej Pi Pi Pit dependti on the in- 
tegration of the 0 following equations, in ordinary diffemU^ ot the foit orda>, of 
the forms (105.) : 



(150.) 



and 



^ = -'l^ = -'('. + M-i«4 
hdog here the expresrion 



(151.) 



(162.) 



which is obtained from (125.) by substitutinfr fnr the disturbed coordinates >?i K2 n, 
their values (149.), as functions of the varying elements and of the time. It is not 
difficult to integrate rigorously ttiis system of equations (160.) aud (161.) ; and we 
shall soon tiB?e occasion to state their comtriete and accurate integrals : but we shall 
continue for a while to treat these rigorous integrals as unknown, that we may take 
this opportunity to exemplify our general method of indefinite approximation, for all 
such dynamical questions, founded on the properties of the functions of elements C 
and £. Of these two functions either may be employed, and we sliall use here the 
fonctionC. 

20. This fonctiooy by (100.) and (152.), may rigorously be expressed as fcUows : 
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(153.) 



and bts therefore the foUowin^ for a first approximate value, obtuned by treating' 
die elements «i «3 Xi a* coiutaat and equal to th«r initial values «i «^ ^ 



In like mamier we have, as first approximations, of the kind expressed by the 
neral formula (Z>), the following results deduced from the equations (1S1.)» 

and tlierefore^ as approximations of the same kind. 



*i « — -g Pi » 



1 



(156.) 



> (1*7.) 



Substituting these values for the initial constants e| in the i^proadmate value 
(154.) for the fonetioD of elements C, we oMafai the following apjiroximate ezprea- 
sion C| for that Ainction, of the form supposed by our theory : 

- T { (^1 - ft) l»i + - 1^ ft + - ft) (/^ - T * ') } 

+ a { (ft' + ft') + 1^ } - a ^ ft + ^ •* 

The rigorous function C must satisfy, in the present question, by the principles of the 
dgbteenth number, the partial (lifferential equation, 

^-^{a^+M)'+(is+».o'}+4a^+v-i*^)%(.*..) 

and if it be put under the form (U<.), 

C, being a first approximation, siqpposed to vanish with the time, then the correetion 
C| must satisfy rigorously the- 
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ill passing to a second approximation we may neglect the second definite integral, 
and may calculate the first by the hdp of the appraxiniate equations (I5&.) ; which 
give^ in this manner, 

+ { <^ - 'i) + " A) } 



Ci = - 



1 



= - T <(^i - A)* + - ft>* + - ft)*> 



45 



(16©,) 



i* I* 

We might improve this second approximation in like tamutr, by calcntath^ a new 

definite intc^-al C„ with the lielp of the following more approximate forms for the 
relations between the varying elements ^ ^ and the initial constants^ deduced by 
our general method : 

'*=-i5i-ilJ= -i?i^V +-r +"34) +T«+^o) 

^ 6 v* ^ eo ^ 40/ ' 
in which we can only depend on the terms as far as the second order, but which 
acquire a correctness of the fourth order when cleared of the small divisors, and give 
then 



M161.) 



X, = ft - # (e, + i A + 4 1** <» (<i + i Jft 0 • 



<l«l.) 
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«, - lb)* + (Ni - ft) + *. ft' I 
r.f (*a - PS») + ** *.*ft + J 



(i63.) 



But a fittle attentioii to the nature of tUs prooew sbomi that all Oi» tuoceMbe cor> 
rectKns to whieb it conducts can be only rational and integer and homogeneous 

functions, of the second dimension, of the quantities X, ?^ pj/jj g, and that they 
may all be put under the following form, which is therefore the form of their aum, 
or of the whole sought function C ; 

C = p^'a^ ih-PiV + b^Px ih - Pi) + f'* c^Pi' 

+ *»"'«^(^ - ft)« + hft (*2-ft) + /^<>ft» 

the ooeftdoits a, &c. being fimctioos of the small qoanUtlca ft, 9, and abo of tbe 
time, of which it remaina to dieoover the forma. Denoting therefore their difieren- 
tials, talienwith reqieet to the time, as follows, 

da^ s o'^rf/, do, = t^,dty &c., (IW.) 

and substituting the expression (163.) in the rigorous partial differential equation 
(158 ), we are conducted to tbe ux following equations in ordinary differentials of 

tlie first order: 

2o'.= (2a, + ^'.= (2a. + (A, + 0; = +0*; 1 

/'. = (2 a, + .2 0 (/ ~ i ; A'. = 0>, + 0 (/. - i ; = l(/,-i r-)^ ir^'^ 

along with the 6 following conditions, to determine the 6 arbitrary constants intro- 
duced by integration. 

In tbia manner we find, withont difficnlty, obaerfing that «^ m^ be formed 
from ff, c, liy dumgidig > to ft^ 

ff, B — ^f*f — eotanf I, alb — |pootanf»#/ 



5^ + ^ tan's-. 



(W7.) 



«. — — 5^ + tan > 

A,B^ — ^ tan*^, 
= 27 - ^-^?cotan»#. 

The form of the function C 18 therefore entirely known, and ve have for thityiiiWo 
tiiM deaunt* the foUovring xigoroua expreanon» 
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(16B.) 



S|»tiii|ir< fivtanv< 

- T {(X, + (X,- A)« + (A» - A)*} 

- / {Pi (Xj - pi) + (}^ -P2)+P3 ih - Pd) 

- T (ft* + P^'+ P/) + 7 + ft*) tan + 4 tan ^ 

w!»ich mny be varionsly transformpd, and gives by oar grneral method the following 
syst< niH ol rigorous integrals of the differential equations of varying elements, (150.), 



tc 



9 * 



and 



*i — Ift rtmwt » « T , ViET< »y* 

*i = = ~ (^i - ft) (' + ^cotauft/) +ft (- < + tan ^'), 
«8 = = - -ft) 0 + 7 cotanf* /) + ft (- 1 tan ^'), 

-"^ = 5^ = - (As - ft) (* + T ' ' ) + ft ( - ' + T ««n 7) 



►(170.) 



tLat is, 



X3 = p3 qua r * — ^» nn jf 1 + ^ (# — -7 sin » f), 



and 



> . 



(171.) 



»^ = ej (cos ft < + ft / sin ft /) + j>| sin f* / — / cos /* t^, 
ji^ «s «^ (eo6^l + +ft (7 ^oos/ft/), 
= ^3 {cos¥i + vlsinrO +/>3 (y siiifl — /oob»#) 



(172.) 



Knccexxxv^. 
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Accordingly^ these rigorous expressions for the 6 varying elements, in tlie present 
dyBamical qnestioii, agree vith the icsidts obtained by the ordinary methods of inte- 
fntion firam the 6 ordlouy diftrential equations (IM.) and (l&l.), and with those 
obtidned by eliroinatioii from ttie equations (113.) (114.) (147.). 

Remarks tm tke/bn^mng Example, 

80. Hie example whidi has occu]^ us fai the last six numbers is not altogether 
ideal, but is realised to some extent !>> the motion of a profectOe in a void. For if 

we consider the earth as a sphere, of nidius R, and suppo«r thp nrfclcrating force of 
gravity to vary inversely as the square of the distance r trom it.s centre, uiui tu be 

sg- at the surfiM^ this force will be represented generally by ^-pr > and to adapt 

the differential equations (78.) to the motion of a projectile in a Tcid, it will be suA- 
cieot to make 

u=^rKt-w) (i"3-> 

If we place the origin of rect;in^nil;ir coordinates at the earth's purface, and sup- 
pose the semiaxis of + z to be directed vertically upwards, we shall have 

r = + (174.) 

and 

neg-lectin^ only those very small terms which have the square of the earth's radius 
for a divisor : neglecting therefore such terms, the force-function U in this question 
is of that form (110.) on which all the reasonings of the example have been founded % 

tlic sMiall constants ft., t, heing the real and imaginary qtiantittes \/~^, sj 

respectively. We may therefore apply the results of the recent numbers to the 
motions of projectiles In a void, by substituting these values for the constants, and 
altering, where necessary, trigonometrical to exponential functions. But besides the 
theoretical facility and the little practical importance of researches respecting such 
projectiles, the results would only be accnrate as far as the first negative power (in- 
clusive) of the earth's radius, because the expression (110.) for the force-function U 
is only accurate so far ; and thertfure the rigorous and approximate investigations of 
the six preceding numbers, founded on that exprcsnon, are ofihred only as mathe- 
matical illustffBtions of a general method, extending to all problems <^ dynamics,, at 
least to all ^osa to which the law of living forces applies. 

Attracting Systems resumed: Dijffereniial Equations of internal or Relative Motion; 

JMt!grvHm ly the Prindpal FknctUm, 

Z\. Returning now from this digression on the motion of a sin|^ p(dnt, to the 
more important study of an attracting or repelling q^tem, let us resume the diftren- 
tial equations (A.), which may be thus summed up : 



ij,„i^ 
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dnH = 2{dntwf~dwin)i (A>) 

and in order to aeparete the absolute motion of the whole Bystem in sjiace from 
the motions of its points among themselves, let us choose the following marks of 
position : 

and 

?.= .r.. - a*,, = i/i - ^ = Zi - z^; (177-) 

that is, the 3 rertan«^iilar coordinates of the centre of gravity of the gysteiD, referrtil 
to ail origin fixed in space, and the 3 n—3 rectangular coordinates of then— 1 masses 
Ml tn^ . . . _ 1, referred to the wtb mass as an internal andmoreaUe origin, but 
to axes parallel to the former. We then find, as in the fonner Essay, 

I . . (178.) 

the sign of summation 2, referring to the first n — 1 masses only ; and therefore. 

If then we put far abridgment. 





1 

TH 


5T 




Xm ' 




m 


ST 

17 






_ 


1 

m 


8T 




In * . 



(180») 



we shall have the expression 

I 



1 



(Bt.) 



of which the variation is to be compared with the loiiovving form of (A*.), 

in order to form, by our general process, (in differential equations of motion of tlie 
first order, between the G n quantities ^u2/u ^« ^ C < *'/ ^^^^ In 

thus toklng the variatiott of H, we are to remember that the focce-Ametkn V de- 
pends onty on the 8iK~ 8 internal coordbates {9^ bdng of the form 

sS 
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„} 



(D».> 



-f miwi,/, 2 + mi}nxfi;3 + • • • + w^.g zn, _ _ « „ 
in which/) is a function of the distance of from mthI ^ is a function of the 
distance o( m- from w^, such that their derived functions or first tliffercntial coclfi- 
cit;nts, taken with respect to the distances, express the laws of mutual repulsion, being 
negative in tlie case of attraction t and then we obtain, a* we desired, two separate 
grroopB of equation^ for the nioti<ni of the whole tytstm of ptdnts in space, and for 
the motions of those pmnts among thenisdves s namely, lint, the gronp 

rfy«=y«<''.''y«=o. J. (181.) 

ds„sstf„dt,dj^u = 0, J 
and secondly the gronp 



, — _ >«.««. 1 



(182.) 



The six differential equations of the first order, (181.), between j„y„ z„ y,, 
and contain the law of rectilinear and uniform motion of the centre of gravity of the 
system; andthe6M— 6 equations of the same order, (182.), between the 6 n — 6 
variables InK^il^i'^i *nd the time, are fbrnu for the diflbrential equations of utemal 
or relative motion. We might eliminate the 3 n— 3 auxiliaiy variables between 
these last equations, and so obtain tlie following other crrnup of 3 m — 3 equations of 
the second order, involving only the relative coordinates and the time. 



1 JU 



0 U 



> 



(183.) 



85 ' J 



bat it is better for many purposes to retain them under the forms (lb2.), outitting, 
however, for ^plicity, the lower accents of the auxiliary variables :^^t/^ t!^ because it 
is eaqrto pnnre that these auztliary variables (180.) are the components of oentrobaric 

velocity, and because in investigating the propeilies of internal or relative motiwi, 
we ;»re at liberty to suppose that the centre of gravity of tlic system is fixed in space, 
at the origin oi xy z. We may also, for .«itnplicity, omit the lower accent of 2,, un- 
derstanding that the suminatiuns are to fail uuiy on the first » — 1 masses, and de- 
noting for greater distinctness the nth mass by a separate ^bd M; and then we 
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may comprise the differential eqaatioiM of relative motion in the following simplified 
formula, 

in which 

H = i 2. m(a:'»+y2 + + air {(^ ,ma^)^ + (2 . my)2 + (2.ms0^} - U. (F-=.) 

And the inte^ml' of these eqaations of relative motion are contained (by oar gene* 
ral method) in die tortntila 

iii - 1 .m{a/ii- a'oa-i-i/o^ ~ z'ht^- diy), , . (G«.) 

in wliicli u^y a y i/ denote the idtial values of In^^ y' ^\ und S is the pnau^at 
funcHm qfr^Hve meium of tlie system ; that is, the former function simplifted by 
the omission of the part which vanishes when the centre of gravity is fixed, and irtuch 
gives in genml the laws of motion of that centre, or Uie int^;xal8 of the eqaations (181 .)• 

Second Example : Case of a Ternary ur Multiple System with one Predominant Mas.s ; 
Equations of the undisturbed motions of the other masses about this, in tlieir seve- 
ral BtMory Systems ; DiJferanHaU tif att their Elements, expressed by the coeffi- 

32. Let OB now soppose that the n ^ 1 masses m are small in cimparison with the 
jtthmaasM s and let ns separate the expresmon (P.) for Hinto the two following parts, 

H, = 2 . f (l + + 3^' + •'*) - M2.m/," 



of which the latter is small in comparison with the loruier, and may t>e neglected in 
a first approximation* Suppressing it accordingly, we are conducted to the following 
en • Q diflfineotial equations of the 1st order, belonging to a nmpler motion, which 
maybe called the unduturbed: 



77 "~ 7/1 « ~ "•" 51/ - ' ,it -'~ m Tf — « !;• 



(R) 



These equations arrange themselves in n— 1 groups, corresponding to the n— 1 
binary systems (m, M) ; and it is easy to integrate the equations of each group sepa- 
rately. We may suppose, then, these hit^rals found, niuder the forms. 



van ivuuM, HiHicr we ivrun. 
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the six quantities kK^i, » r m being constant for the andisturbcd motion of any one 
binary system ; and therefore the six functions ;^'*), ^c^^), -xj-^J, x'"^* or «, )., /*, 
r, r, bemi^ such as to aal&tfy identically the folknring equalioiii, 

. 8x8H, 8* 8H, . 8x8H, 8x 8H, . 8x8H, 8x 8 H, „ ^ 

mth five other equations analogous, for the fire Other demento /i^ r, m, In any one 
binary system (m, M). 

33. Returning now to the original multiple system, we may retiun as definitions 
the equations (K^-)> hut then we can no longer consider the elements k. \ |u>. r. <v. of 
the binary system (m^ M) as constant, because this system is now disturbed by the 
other ma sses ai|; hoirever, the 611 — 6 equations of disturbed rdative motion, when 
put under the forms 

^_8H. 8H, SJjl^ 8Hj 



dt -ly +T7' ^ dt 85 ~ M ' 

8H. 8H, dx! 8H, 8 H, 
and combined with the identical equations of the kind (I^.)* S^ve the following simple 



expresdon fiir the dilftrential of the elenient in ito disturbed and variable statCt 

d K 4 X 8 H, 8jc^ 8 Hg 8x8 H, 8x8Hj ixiHj SxSH, 

"'"57 — 8jT^^~ «y «{ + 8T"8y"~87Tr"^T5 T?"~ 87Tr* • 

tn|>:ethor with analog'ous expressions fur the differentials of the other elements. And 
if we express ^ >j 2^ j?' y 2', and tlierefore IL itself, as depending ou the time and on 
these varying elements, we may transform the 6 n — 6 difierential equations of the 
1st order, (M'.)f b^ween inK'^^ 2/ ^' ^> i'^^'* ^ ^b*^ numb^ of equations of the 
same order between the varjnng elements and die time ; whidi will be of the forais 



4t = «} ^* + {'> + i^) '-^ + f > + — 



m 



It ^ + C. M ^ + { r, ^} ^ + {r, f ) 5^ + {r, -rj ^S*. 

tfcB 8 Hj 8 H, S H. « i H, 



(O*.) 
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if we pat, for abridgement. 



SjtiK Ixik 8x8a JkIx 8*8a 



and form the other q^bob {X, »), &c., from thif, by interchangiiig the letters. 
It is evident that thrae symbols have the properties, 

= -{«,X},{«,«}«0; (184.) 

and it results from the principles of the I5th number, that these combinations {«, X}, 
&r., when expressed as functions of the elements, do not contain the time explicitly. 
There are in general, by (184.), only 15 such distinct combinations for each of the 
It — 1 binary systems ; but there woold thus be, in all, 15 n — 16, if they admitted 
of no farther rednctioos : hoverer, it results from the principles of the lOth number, 
that 12 n — 12 of these combinatlms may be made to vaiddi by a suitable choice of 
the elements. The following is another way of etiLcfinjr as irreat a simplifiriition, at 
least for that extensive class of case*; in which the uiidiisturbed distance between the 
two points of eacii binary system {m, M) aduiit« of a minimum value. 

Sh^pUficattoK the Differential Bxprwiont kg a suitable choice <^ the Elemeitis. 

34. When the undisturbed distance r of m from M admits of such a minimum f, 
corresponding to a time r, and satisfying at that time the conditions 

r' = 0,r">0, (183.) 

then the integrals of the group (P.), or the knmvn rules of the undisturbed moti<mof 
m about M, may be presented in the followinj,^ manner : 

= + - M/(r); 



.-tan-' "^''-^^ 



/ M dr_ 



V M 



r+ Hn' 



the minimum distsnoe f bdng a ftmction of the two elements a, fi^ whic! most satisfy 

the conditions 

2^ + 2M/(g)-(l+Ji)j; = 0,M/(£)+(l+H)?>«* ' 
and Bin~ tBn~'f, being used (aecording to ®r John Hinacnai/s notation) to ex- 
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press, not the ooMcant and cotangent, bat tbe hwerge/wetiamg ooiresporoKog to nne 
and cotine, or the arcs wfaah an more commonly called are (ain s s)f are (tan s /). 

It mvRt also be obierved that the factor -^/j^, which we have introdaced under the 

signs of integration, is not soperflaoust, but is designed to be taken us equal to posi- 
tive or ncigative unity, according as if r is poritive or negative ; that is, according as 
T is increasing or diminishing, so as to make the element under each integral sign 
constantly ixtsitive. In general, it appears to be a useful rule, thuuj^h nut ahrays 
followed by analysts, to employ the real radical symbol only for positive quan- 

titles, unless the negative sign be expressly prefixed ; and then will denote posi- 
tive or negative unity, according as r is positive or negative. The are g^ven by ito 
}>ine, in the expression of the element as ^ supposed to be so chosen as to increase 
continually with the time. 

Ab. After these remarks on the notation, kt us apply the formula (P*.) to calculate 
the values of the 15 combhiations such as {x, of the 6 constants or clwnentfi (Q*.). 

Since 

r= VCf' + .j^^O, (1B7.) 

it is rasy to perceive that the six combinations of the 4 first elements are as follows : 
{«, X} = 0, = 0, = 0, = 0, = 1, {/*,»} = 0. . (188.) 

To form the 1 conibinatioas of these 4 first elements with t, we may observe, that 
this bih clement r, as expressed in (Q^.)* involves explicitly (besides the time) the 
distance r, and the two demoits », ^ ; but the cofubhiathMM already determined 
show that these two dements may be treated as constant in fomdng the four combi- 
nations now sought ; we need only attend, therefore, to the variation of r, and if we 
intf'vp; ft by the rule (P-.) the symbols {«,r> {A,r} {j»,r} {»,r>, and attend to the 
equations see that 

{«, r} = 0, {X, r} = 0, r) = - ^. {r, r} = 0, (189.) 

2^ lieiogtbe total differential coeflicient of r in the undisturbed motion, as detemUned 
by the equations (P.) ; and, therefore, that 

{»,r> = 0,{X,v)=0,{»,r}s=0, (190.) 

and 

, , %j dr . dt dr 

~5?5i= + 3;ji = l: (19i.) 

observing that in differentiating the expressions of the elements (Q'.)> we may treat 
those elements as constant, if we chang'c the diflercntials of > »i < r' y' to their undis- 
turbed values. It remains to calculate the 5 combinations ot ttiese 5 elements with 
the last element »; which is given by (Q-.) as a fuuctiou of the distance r, tlie ooor- 
dinale ^, and the 4 dements «, X, ft, t ; so that we may employ this formula, 

=17 + j~ {e,0 + 1^ {«,«} (e,?i| + 1^ {e,/*} + ^ {e,»}, (192.) 
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in whicby if e be any of the fint five dementi, or the dutanoe r, 

{e,r} = --7(5jy + n|^ + C|^),{e,0 = -|^,{^,*)=0, . (193.) 



and 

-I 



fhe fomnila (193.) may therefore be thne written : 



(195.) 



We easily find, by this formala, that 
and 

B y S tt> S (0 

TTie formula (195.) extends to the combination {r, u} also ; but in calculating this 
last combination we are to remember that r is ^veu by (Q^.) as a function of », ft*, r, 
such that 

and thus we see, with the help of the combinatioiis (196.) already deteraunedj that 

if we represent for abridgement by Q, and (1, the coefficients of dr tiiider the integral 
s^gns in {Q\)t namely, 




(800.) 



Theae coeffldents are evidently connected by the rdation 

he in 

^ + ^ = 0, (3101.) 

whkdi gives 

T^J^^r'i^+T^X^rdr^O, (202.) 

r, being wiy quantity which does not >'ary with the elements x and (*> ; we might 
therefore at once conclude by (199.) that the oombinadon {r,*} vanishes, if a diffi> 
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L'ulty were not occasioned by the neceseity of varying' the lower limit q, which de- 
pends on those two dements, and by the circumstauce tbat at tbi» lower liuiit the 
eoeAdents tl, beoome htlhdte. Hoiraver, the rdntien (902.) Bhom that we may 
eicpmis fliia oombination {r, «} aa follows : 

=-^X0'^'"+^X • • • (-"^■) 

r, bein^ an auxiliary and arbitrary quantity, which cannot rcnU y aflect the result, 
but may be made to facilitate the calculation ; or in other wordti, we may assign to 
the distance r any arbitrary value, not varying for mfinitesimal variations of x, fi., 
whidi may assist in calcalating the valae of the expression (190.). We may there- 
fore suppose that tlie UMnrease of distance r — 9 is small, and corresponds to a KinatI 
positive interval of time t — r, durinjs' which the distance r and its differential r >efl5^ 
cient r' are constantly increa^nig; and then after the first moment the quantity 

Or = 7 (aw.) 

will be comtantly finite> positive and decreasinf > daring the same interval, so that 
its intcig^ must Jot greater than if it had constantly its final valve; that h, 

t^r^J^B,dr>{r-q)Q^ (206.) 

Hence, although 0, tends to infinity, yet (r — q) ki, tends to zero, when by dimi- 
nishing the interval we make r tend to q; and therefore the following ditterence 

will also tend to 0,and so will also its partial diferential ooeffleient of the first order, 

taken with respect to p. We find therefore the following formula for {r, n}, (re? 
membering tliat tliis combination has been sliown to be independent of 

the sign ^ ^ ^ implying tbat the limit is to be taken to which the expression tends 
when r tends to 9. In this last formnla, as in (199.), the iategnlj^ 9, dr nay be 

considered as a known function of r,q, «, fi>, or simply of g^x, if fi be diminated 
by the flist eoodition (186.) s. and tineeit vai^ishca indqiendently of « when r s 9, it 
may be thns denoted: 

^ 0, r = ^ (r, «) - f (-7, V, (208.) 

the form of the function 9 depending on the law of attraction or repulsion. This 
intcgrsl therefore, when considerad as depending en » and f*, by depending on » 
andf, need not be varied with raspect tos^ in calcnlating (r, «} 1^ (907.)* because 
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its pvtial dilfoeDtial coefficient QiJ^ ®r^rj* obtained by treating q as constant, 
vaniflhes at the limit r as y ; nor need it be varied with respect tof , becanie, by (186.)» 

8t + -ir-y'S^ = »= 

it may therefore be treated as coustaiitj and we find at last 

lr,a»>=0, (210.) 

the two terms (.199.) or (203.) both tending to infinity whm r tends to but always 
destroying each other. 

86. CirfleGtfng now our resoltSi and presenting for greater clearness each combi- 
nation under the two forms in wliioh it occurs when the order <rf the elements is 
changed, we have, for each binary system, the following thirty expressions: 
{«, \) = 0, {«, (*} = 0, {*, »} - 0, {«,T} = 0, {», *} = -], 
= 0, (X, u.) = 0, {X, r} = 1, {X, r) = 0, {X, m) = 0, 
«} = 0, {fu, a} = 0, {ft., »} = 0, {fJt, T) = 1, {ft, «»} = 0, 
{»,«} = 0, {,,>.} = - 1, {r,/*} =0, {»,r} = 0, {f,^}=0, 
{r,K} = 0, {t,K} = 0, {r,|*} = - 1, {r, »} = 0, {r,«} = 0, 
{«, «} = 1, X} = 0, = 0» {#,») = 0, = 0; 

80 that the three combinations 

{^,r} {*,«} {k,f} 
are each equal to positive unity ; the three inverse combinations 

are each equal u> uci^utive unity; and all tlie others vanish. The six differential 
equations of the nrsi order, for the 6 varying elemenUi oi any one binary system 
(m, M), an therefore, by (O^.), 



(R».) 



dt 

de» 



tr * 

? H, 



8 H, 



dt 



d\ S R, 



(S».) 



for 



and, if we still onut the Tariation of t, tfa^ nngr all be annuned np In 
the variation of 

which single formula enables us to derive all the 6 n — 6 differential equations of the 

first order, for all the varying elements of all the binary systems, from the variation 
or from the partial diU'ercntial coefficients of a single quantity expressed as a 
function of those elements. 

tS 
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(213.) 



If we choose to introduce into the expre&siun ( P.), for h Ilj, the variation of the 
time t, we have only to change to it^it, because, by (Q^), it enters only w 
acoonqNuied; that is» t enters only under Ae form t — r^bk the eiqwearionB of 
^ itKt^iS^t^t ftmotione of the tune and of the eleniente s we hav^ therefore, 

^=-2?j^==-S.m/.'; (211.) 

and since, by (H2.), (Q^ ), 

Hi=:2.wf«,, (212.) 

we find finally, 

IIL _ _ ?ii /III \ 

dt — St V 

This remarkiibk form for the differential of II,, f:onsi(lered as a varying element, 
is ircncral for all problems of dynamics. It may be deduced by the general method 
fruui the formulae of the 13th and 14lh uuuibcrii, which give 

liii — ii!ix/'!i!iL2i iiijii^j. ^ »h.^/8 h.8»6, 8h,6«6«\ 

~ «!., 8/ 8«, 8< • • • Juj, it " IT' 

«i S| . . being any 6n elements of a system expressed as functions of the time and 
of the quantities >?»; or more concisely by this special consideration, that H, +H2U 
constant iu the disturbed motion, atid that in taking the first total diO'erential coeffi- 
cient of H, with respect to the time, the elements may by (F> .) be treated as constant. 
It is also a renmrkable conUaiy of the general principles just refared to, but one not 

difRcnlt to verify, that 'the first partial' dtfl^eranttal coefficient of &Dy diluent »|, 

taken with respect to the time, may be expressed as a function of tiie elements alone, 
not involving the time explicitly. 

On <Ae ettaUial dutinction between the St/slem.s of fan/h^ Elemmts considered tn this 

Essay and those hitherto emplovri! h>t >i\>iihj mnt'idam. 

37. When we shall have integrated the differential equations of varying elements 
(S^.), we can then calculate the varying relative coordinates i ^ ^ for any binary sy- 
stem (m^M), by the mles.of nndisturbed motion, aa eqvressed by the equatioBS (P.)* 
(Q*.)^ or by the following connected Avmnla : 



1= r ^cos ^ -f sin — ») sin r^, 
«sr^rin#*- -^sin(f — 'r)oosf^, 

\ — rr »J2 \K — sin (^ - ») J 
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in which the distance r is determined as a function of the lime t and of the elenOBtS 
X, fiif by the 5th equation (Q-.)) '^^^^ which 

Y/ -[2 p + 2 M/(r) W~'Wf 

q being still the uiiaiinum of r, when the orbit is treated as constant, and being still 
connected with the dements tc, ^, by the first equation of cuuditiun (^186.). In astro- 
nomical language, M is the stin, m a planet, S q ^ are the heUoceotrio reetangnlar co> 
ordinateSy r is the radius vector, 9 the longitude In the orbit, m the longitude of the 
periheHoo, r of the node, ^ — « is the troe anomaly, — » the argument of ktitnde, 
fb the constant part of the half square of undisturbed heliocentric velocity, diminished 
in the ratio of the son's mass (M) to the sura (M + of masses of sun and planet, 

• is the doul^ of the areal yelodty diminished in the same latio, is the versed sine 

of the incUnation of the orbit, q the peribeli«m distance and r the lime of peiilielion 

paBsage. The law of attraction or repulsion is here left undetermined ; for NlWtON*B 
law, |U, is tlie sun's mass divided by the a^i? major of the orbit taken ncgtitively, and 
» is the square root of the somi parameter, multiplied by the sun's mass, and divided 
by the square root of the sum of the masses of sun and planet. But the varying 
ellipse or other orbit, which the for<^oing formulae require, ditfers essentially (though 
little) from that hitherto employed by aatnmomers : hecaose it gtvee correctly the 
heliocentrie coordinates, bat not the hdiooentric oomponents of vdodly, without dif- 
ferentiating the dements in the calculation ; and therefore does not touch, but cuts, 
(though under a very small angle,) the actual heliocentric orbit, described under the 
influence of all the disturbing forces. 

38. For it results from the foregoing theory, that if we differentiate the expressions 
(V^.) for the tteUocentric coordinates, idthoat diflfereatiating the dements, and then 
assign to those new varying elements thdr values as Amotions of the tim^ obtiuned 
from the equations (S^.), and deduee the centrohaiic components of velod^ by the 
fbrmnls ^ ^7 ^ foUowhig: 

*-ir;^' y-MT^' 

then these centrobaric coniiMnu tits will be ilie same luiictions of the time and of the 
new varying eleiueuts whicii migiit be otherwise deduced by elimination from the in* 
tegrals (Q^.), and will represent rigorously (by the eateosion given bi die tlieory to 
those last-m«ttioned int^rals) the components of vdodty of the disturbed planet m, 
rdativdy to the centre of gravity of the whole sular system. We chose, as more 
suitable to the g-eneral course of our method, that these centrobaric components of 
velocity should be the auxiliary variables to be combined with the heliocentric co- 
ordinates, and to have their disturbed values rigorously expressed by the formula: 
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of nndistarbed motion ; but in makio; Uiis choice it became neceflsary to modify 
tbese latter formulae, and to deterndne a tarying orbit eiaentaally distinct in theory 

(diough little differing in practioa) from that concdfied so beautifully by Lagranob. 
The orbit which he imagined was more simply connected with the heliocentric mo- 
tion of a si ii^'/r planrf, s'mce it gave, for such heliocentric motion, the velocity iis well 
as the potiitiuu ; the orbit which we have chosen is perhaps more ciosely combined 
witii tiie conception of a wsiUt^le system, moving libont its ofMnmori centre of gravity^ , 
and inflneoced in every part by tbe actions of idl tihe rest. Wbidiefer onUt shall be 
hereafter adopted by astronomers, they will remember that both are equally fit to 
represent the celestial appearances, if the numeric elements of either set be suitably 
determined by observation, and the elements of the other set of orbits be deduced 
from tlwse by calculation. Meantime matliematidanB will judge, whether in sacr»> 
ilcinf a part of the simplidty of that geometrical conception on which tiie theories of 
I.A(;i<ANCE and PoiaaoN are founded, a simplicity of another kind has not been intro- 
duced, which was wanting in those admirable theories; by our havintr ^nrroodpf] in 
expressing rigorously the differentials of all our own new varying elenieuts through 
the coefficients of a single function : whereas it has seemed necessary hitherto to em- 
ploy one functimi for the Earth disturiied 1^ Venus^ and another fimctian for Venus 
disturbed by the Earth. 

Integration of the Simplifictl hijiuitiona, which ilt frnnine the new mn/ing Elements. 

39. The simplified differential equations of vai-ymg elements, (S^.)j <>f same 
form as tiie equations (A.}> and may be integrated in a umilar manner. If we put, 
for abridgement, 

and interpret similarly the symbols <u, >.), &c., we can easily assign the variations 
of the following 8 combuiations, (r, «, ») X) (/<,, *, r) (t, a, X) (r, «, ») (j*, », x) 
(r,«,*)0»>«^»)s namely, 

}(l»,«,X)= Z . m (jH^^rp fk)r +«b)so ^ '>'^* ~ ~ I^^'t 

) (r,«,X) s 2 . « (r 2fk ^ r«)fi« -l- + Ao^ro - - Hi) 

*b Ni '0 ^0 Wo hdng the initial values of the varymg elements « X f» » r «. If, then, 
wa conuder, for examfle^ the first of these 8 oombinatioas (r, % 1}, as a fomction of 
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all the 3 n — 3 elements |Hy and of their initial valueB ^ i f invd^rang alio 
in general the time explicitly, we shnll liave the following forms for the 6 n — « 
rigorous integrals of the 6 n <- 6 equations (S^.) : 



and in like manner we can deduce forms for the same rigoroos integrals, from any 
one of the eight combinations (Y^.)- '^^^ detennination of all the vaiying elements 
would therefore be fully accomplished, if we could find the complete repression for 

any one of thf^c 8 combinations. 

40. A fii"st approximate expression for any one of them can be found from the form 
under which we have supposed Ilj to be put, namely, a±> a fuuclion of the elements 
and of the thne, which may be thus denoted : 

= C'j «l, h> "W •U • • • t^U »m-V •n-l) '» ' (A».) 

by changing in thisfhnction the varying elements to their initial valuea^ andem- 
pkrjring the follovring j^iproximate int^jrals of the etinations (S>.), 

For if we denote, for example, the first of (he 8 combinations (Y>.) by G, so that 

(C.) 

we shall have, as a first approximate valiu^ 

«.=/'{^('-.^'+'.T?+'.^)-H.}^'= m 

an'I after thus expressing G] as a function of the time, and of the initial elements, we 
can elitninafe the initial quantities of the forms Tq «g and introdiice in their stead 
the final quantiticii fi. oi so as to obtain an expression for Gi of the kind supposed 
In (Z^.)^ namely, a function of the time t, the vai^ng dements « X, and thdr initial 
values «to Vh ^ approximate expression thus found may be corrected by a pro- 
cess of that kind, wliich has often been employed in this Essay for other similar pur- 
poses. For the function G, or the combination (r, x, »), must satisfy ngorously, by 
(Y^.) CA.^.)f the foUowiiig partial diffierentiBi equation : 
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and nch of the odier tnikgoiH ftaaetf ons or oomtiinatumi (Y*.) must satiiQr ui 

analogoas eqaatiom: if then we change G to Gj + Gj, and neglect the squares and 
products of the coefficients of the small corrprtion Gj, Gj being a first approximation 
such as that already found, we are conducted, as a »^M)nd approximation, on prin- 
ciples already explained, to the following expression for this correction Gj : 

wlncb may be continually and indefinitely improved by a repetition of the same pro- 
cess of correction. We may therefore, theoretically, consider the problem as solved ; 
but it must remun for future consideration, and perhaps for actual trial, to determine 
which of all these various processes of successive and iudetiuite approximation^ de- 
duced In the preient Eaaay and in tlie former, as oorallariee of one genenl Metliod, 
and aa oonaequenees of one central Idea, is best adapted fornaroeric appiication,and 
for the mathematical study of phenomena. 
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VIII. Cmtimigtion tfu/armer Paper or the T^eent^^ Feei Zmith TeUteope UOefy 
erected at the Rojfol Okmwttorjf. Bg Jwh Pono, Eag, A.R, F^. 

Rceeifcd Mareli ll.<-R«iHl Minb 19, 1885. 

During the last eti miner I had the honoar of submitting to this Society a short 
paper on the subject of the larg-e zenith telescope lately erected at tliis Observatory. 

It is now nrarly twenty years stace the erection of such an instrument was first 
suggested to the Presideiit and Ooimcil of this Society ; at that time the Royal Ob- 
servatory was in a yeiy inefficient state eompaxcd to what it is at present. We had 
only one dide; and there existed doubts as to the excellence of this instrument, 
though not any were ever entertained by me. The erection of a second circle put this 
question at rest ; it has been abundantly shown in various volumes of the Greenwich 
Observations, by a series of more rigorous investigations than uiiy instrument was 
ever submitted to before, that both the circles may be conridered as perfect, their 
errors being less than thdr respective makers themselves assigned. 

This circumstance, though satisfactory to myself, a little diminislicd the importance 
of the ntnr zenith telescope. It was hardly to I>p ev])ected that any new iustnnnent 
could tliruvv light upon errors already reduced within such small limits; this, how- 
ever, has been done, and the object <^ this paper is to explain the procen I have em-' 
phiyed for the purpose. 

Whoever is acquainted with the method of constructing the Greenwldi Catalogue, 
must have perceived that the places of those stars which are observed by reflection 
are, according to all probability, more exactly determined than those M liich have 
lieen obsmed only by direct vision, y Dracoms, a star wUch since the time of 
BaAOLBY has been of first-rate importance in the Greenwich ObservaUons, cannot 
be observed by reflection. The probability of error was therefore greater in the 
place of this star than in that of any other. The new insfniment has shown that this 
error does not exceed a (juarter of a second; a degree of accuracy scarcely credible, 
and no doubt requiring to be confirmed by future observations. 

The nature of the quesdon to be determined in this case has happily produced a 
competition for excellence among the observers with the different instruments, which 
gives mc an opportunity of showinjg the present state of practical astrwMmiy at 
Greenwich. 

The new instrument has been employed during the last summer under very un- 
fovontabte eireamatannes, both the building and the instrument having been almost 
constantly luder repair. It is not requidte on this occasion to enter into the details 
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of thcac difficulties; I only wish tn explain the nature of the experimentSj the results 
of which I am now about to lay before the Society. 

We ham mm Aree dittinct metbodv of detarminkif the place of any star passing 
the meridian near the tmitb. Fint> by means of the mural eirdea ; Kcondly, by 
the zenith telescope used alternately east and \vfb\, -a-i is usually done with similiu' 
instruments; and lastly, by means of a small hubsidiury star, as dcscrilicd hv me 
last year in a paper laid before this Society, and which 1 am inclined to think more 
exact than any other method. By the foUowing computations it w'lVL be seen that 
the three methods ^ve results nearly identical; and that when the observations with 
the two circles are numerous and made with sufficient care, a quarter of a second 
is the greatest error to be apprehended. 

Royal (^tervatarjft Mar^ 10, 1835. 



Rc.iulfs uj Obscrvdtion.i on y Draconis and Bode 17O Draconis. 



Zenith distance of 7 Draconis determined by three different methods. 

Zenith dlilancei 

Filrt,— R«iteliT394«AMmliM»irMidicM«n^ 

thc latitude cf the TIcnith Telescope room, the diAmm bvtWMii y 3 1'96 KMTfh. 
vrhich and the Circle room being 0"'6^ Noith .......... 



'} 



nervation* East and West ; 28 ri'!;u1tj> , , 

By means of the subwliaiy angle u detcribed in my fomcr paper of 1 ^ 

1 1 fgtttt to (iths of ttfl ofbin. ..... J 



Zenith distance of Bode 1"0 Draconis determined bv three different methods. 



iicnith dUtancfh 

Fint, — Result by 132 obeen-atlons with the Nfuial ( Iv t.'si rcdurcd t ) i 

the latitude of tlie Zenith Telescope roum, the difference between [ 1 Suuth. 
which and tihs CEick nam being 0"'65 Nflitfa 

By Zenith Te!c<copc employed in the u^ual maiuier I17 altcnate ob- 
aervationa East and Weat ; 1 4 results 



Bj BMiu «f litt MibtidiMf H daacribed in my fbtBiar pqwr of 



last jraar. «ad trfaaoii Ttnik I prefer to either the ottten 



:d tf) 1 
ivecn > 
■ . . « J 



1 0-61 

I 0/4 
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Contutung 60 aacoessiTe observations of the small auxiliary star. Bode l^ODraconis, 

dmded into series of 10 each. 





Boda ITP Dfteanli, kjr jMn'* Ciitl*. 




IMelTOOr 




N'aCfack 


ISM. 


N.p.n. 

Jw. 1, laM. 


Diff. of each 

0lH.AtMD 

liiMDor«a 


Uin. QClwCBu 

ibeMeanof 10 
mtA the M«*n 

ofeo. 


1884. 


L N. P. D. 
Jan. 1, IdM. 


Diif. of cub 


the Mean of 10 
uid the Mc*i9 


July 22. 

23. 
•2a. 
S6. 

S9. 

SI. 

Aug. 1. 
• 

4. 


38 32 20-68 
21-62 

20- 83 
Sl-70 
tl'SS 
«1*B7 
•1*7S 

21- 79 

22- 17 
SI'81 


0-40 
0-54 
0-25 
0-62 
0-17 
0'79 

O'DS 

0- 71 

1- 09 
©•73 




Jll^ 8. 

9. 
10. 
11. 
12. 
14. 
15. 
16. 

SI. 


38 32 21-40 
21-00 

20- 68 
21 08 

21- 39 

SQ-99 
80*48 

20-97 
zu-/ / 
20*39 


0-.32 
0-OK 
0-40 
0-00 
0-31 
0*«9 
0*60 
0*11 

A.3I1 
U*3A 

0*69 




Ml in of 10 oil-. 


.1? 2) -35 




0-4; 


Mean of 10 obe. 


38 32 20-92 






6. 

9. 
11. 
i.r 

14. 

16. 
SS. 
Sft. 

V. 


2i;o 

21-09 
20-91 
20-50 
20*66 
•••79 

SSw 


0-62 
0-49 
O-OI 
0-17 
0-58 
0>43 
0<9 
0>12 
W'83 
045 




22. 
24. 
25. 
30. 

Aug. 1. 
2. 
6. 
11. 

AX* 

16. 


21-07 
21-84 
20-11 
20-92 
20-42 
81*68 
81*84 
81*08 

81*86 


0-01 
0-76 
0-97 
0-T6 
0-66 
0-60 
0*16 
0*06 

0*88 




Mean of 10 obs. 


38 32 20-97 




0-11 


Mean of 10 obe. 


38 32 SO-93 




0-15 


SH. 

Sept. 1. 

3. 

4. 

*. 

6. 
It. 
IS. 

to. 

S3. 


2107 
20*8;J 

20- 86 
90-86 
S113 

21- 36 
21-31 
81*07 

toss 


0-01 
0-26 
0-22 
0'»« 
O-Od 
0-28 
0-23 
0-01 
O'lS 
0*16 




19. 
22. 

23. 

25. 
27. 

Sept. 4. 
6. 
IS. 
IS. 
li. 


20- 63 

21- 57 
21-36 

20- 76 

21- 18 

20- 89 

21- 19 
81*81 
tl'SS 
80*58 


0-4.i 
0-49 
0-28 
0-.12 
0-10 
0-19 

on 

0-13 
0*30 
0*50 




Mean of 10 ob». 


38 32 21-04 




0-04 


Mean of 1 0 obs. 


38 as sm 




0*00 




r.-: Ml -;|... 








:••< 7,1 ■?i o^ 












nUioM s 0^a«S, and tittttfae 1 


oeaa error of 90 obaer- 



■» dedoDedfron As Mit ftff^ a €^'067. 



The zenith distance froOk <Ut 1 
DiSeceace of latitude for zenith telescope 

ZHiidi *»■»■■>— far dtt bktteuteaf 



0-078 Saotli. (AtaiMdeo.Mlndesa8°Sl'9lH*) 



4- 0*63 



1 0*728 



Bj senith telcscopi ' iiieiins of the sub 
sidiaiy angle from the iireceding page 



:} 



1 0*74, lAiali two 



* The acninu;j of this quantity in of no importance, aa the circles, according to our present mode of employ, 
ing them, give, in fact, zemth distance*, which an afterwarda CMiTctted into polar distances by the application 
fhe above eo-blltiidt!, nd M ndi «K ifgirtcnd k tf^ 
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Table II. 

The same observations of Bode 170 Dt-u onis an-nnged alternately in two columns of 

30 observations each. 





N. P.Dt. 


1 


M. P. D. 




JtB. tp IMC 


1 


3m, 1, im 


1833. July 23. 


3« 32 -i'o-fifi 


1833. July 23. 


38 -12 21-62 


m. 




•6. 


21-70 


t7. 


tl'CS 


«». 


tl-07 


ai. 


tl'73 


Avf. 1. 


91*79 


Aug. 3. 


AM 7 


4. 


21-81 


6. 


81-70 


9^ 


21-57 


11. 


21-€9 


14. 


20*91 


14% 




IC 


Ab 


sa» 


•0-79 


ffi. 


91*90 




M'W 


97. 


S0'4S 


Mi I''* in 1/':- 






'(■^ ;)2 21-35S 




38 8f «M»7 


1 Sept. 1. 


38 99 M-8S 


Sept. S. 




4. 


20*86 


6. 


2113 ' 


6. 


21 -.'16 


12. 


21'31 


18. 


21-07 


to. 


10-95 


23. 


20*92 


1834. Jidj 9* 




1RM< July 9. 


91 -OO 


1«. 




11. 


91*00 


18. 


Sl-39 


14. 




15. 


20*48 


16. 


20-97 


17. 


20-77 


21. 


20-39 


Meaauf lUobs. 


3« :!2 21-004 


Me.iu of 10 obs. 


38 38 20-946 


July 23. 


38 32 2107 


i July 24. 


as Si 


M. 


20-11 


30. 


20*92 


Aof. 1. 


90-Vt 


Aug. 2. 


91*60 


C. 




11. 


91«9 


!«. 


20-14 


16. 




19. 


20-63 


22. 


21-57 


29. 


21-36 


25. 


20*76 


«7. 


«M8 


SvtIL 4. 


90*09 




11*19 


12. 


91*91 


IS. 




15. 


90*90 


Mean of 10 obe. 


38 32 C*0'K7? 




32 21-133 






Mmb of 30 m SB as n'14« 


Men of SO s f 1"^. 
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Tablb III. 



Differenoe of North Pdw Pittance of y Dracani* 
and Bode ITODneonk IWl. 





OtMamHl DiflcrtDOc. 


Diflcr. 






ObMrvcd PiBerencr. 


Differ. 


IMflkimcc, 


IMlL 






me* of 
Eqiia- 


Janusry 1. IS.iS. 


1831. 






eocc ot 


January I, 1834. 






























tionc 












■ il Vbv4> I VOIa 




1 1 - 

July i>. 


3 frS 


3 5-4 


*f 

— I-.IC 


3 4^84 


3 4-04 


July 8. 


3 r-4 


3 3-6 


— 1-31 


3 0-09 


3 2-29 






6*7 


— 1'35 


3-95 


5-35 


Ou 


3-6 


4-2 


— 1-30 


2-30 


2-90 




€HI 


4r9 


— 1-31 


4-69 


3-59 


10. 


3-5 


3-3 


— 1*28 


2-22 


2-02 


15. 


S-5 . 




— 1-18 


4-.12 


4-32 


11. 


.1-7 


3-0 


— 1*27 

• * * 


2-43 


1-76 


16 


5-9 


B'7 


— 1*15 


4-7.^ 


4-S5 


12. 


31 


30 


— 1-24 


1-86 


1-76 


fid 


4-8 


5-3 


— 1*04 


3-7C 


4-26 


14. 


2-7 


2-4 


— 1-21 


1-49 


1-19 


43. 


4-5 


5-9 


— I'Ol 


3-49 


4-89 


15. 


3-3 


3-0 


— 1*20 


2-10 


1-BO 


25. 


.^■1 


5-4 




412 


4-42 


16. 


1-9 


3-8 


— 1-19 


0-71 


2-61 


26. 


GO 


5-6 


— 0-95 


5-Od 


4-65 


17. 


3-« 


3-4 


— 1-17 


2-63 


1-23 


27 


5-7 


:.-6 


— 0-94 


4-76" 


4-66 


21. 


«-7 


2-1 


— 1*08 


1-62 


1-02 




4-9 


5-9 


— 0-S9 


4-01 


6-01 


22. 


4-3 


30 


— 1-04 


3-26 


1-96 


31. 


4-6 


40 


— 0-84 


3-76 


3-16 


24. 


3-3 


3-6 


— 1-01 


2-29 


2-59 


^ 11 (ni4t 1 . 


3-8 


4-7 


— 0-81 


2-99 


3-89 


25. 


3-? 


2^ 


— 0*98 


2-22 


1-62 


3. 


4-8 


4-9 


-0-77 


4-03 


413 


30. 


3-2 


3) 


— 0m6 


2-34 


2-24 


4. 


$-0 


i-i 


— 0-74 


^•26 


4-46 


Aug^uBt 2. 


2-3 


3-4 


— 0-84 


1-46 


1-96 




4-S 


4'« 


—0-69 


4-11 


331 


6. 


2-3 


1-8 


— 0-71 


1-59 


0-21 


A. 

9* 


fi^l 


4-8 


— 0-61 


4'49 


4-19 


11. 


3-6 


9-6 


—H'bS 


3-M 




II. 


W 


4-7 


— 0-56 




^ I* 


IS. 


8«4 


1-3 


—0*52 






13. 




9 ^ 


—0*50 


310 


4-90 


16. 


2*5 


1-0 


— 0-43 


2-07 


0-57 


14. 


4-1 


4-6 


-0-47 


3-63 


4-13 


19. 


3-1 


1-6 


-0-33 


2-78 


1-28 


l6. 


30 


4-3 


— 0'42 


2-58 


3-88 


22. 


2-0 


2-3 


-0*24 


1-76 


2-06 


2'. 


3-7 


4-6 


-019 


3-51 


4-41 


23. 


2-0 


3-0 


-0-21 


1-79 


2-79 


25. 


3-6 


3-9 


-0-13 


3-47 


3-77 


25. 


1-4 


2-0 


-0-15 


1-25 


1-86 


26. 


3-9 


4-2 


-009 


3-81 


4-11 


27- 


2-3 


2-1 


-0-08 


2-22 


2-02 


27. 


4-5 


4-4 


-0-06 


4-44 


4 34 


Sept. A* 


1-0 


1-9 


+ 0-24 


1^4 


2-14 


28. 


4-7 


4-7 


-004 


4-66 


4-66 


12. 


1'4 


1-7 


+ 0-45 


1-85 


2-15 


Sept. 1. 


30 


3-S 


+ 0-10 


31 0 


3-70 


13. 


1*1 


«-7 


+ 0-49 


1-69 


3-19 


3. 


1-6 


3-7 


+ 01 6 


1-76 


3-86 


15. 


1*3 


0-4 


+ 0-57 


1-87 


1-97 


4. 




3-9 


+ 019 


3-79 


4-09 


16. 


0-8 


1-8 


+ 0'€0 


1*40 


1-80 


t. 


»• 


a-7 


+ 0-23 


3-03 


3-93 














$. 




4*3 


+ 0-26 


3-76 


4*56 














12. 


2-7 


3-9 


+ 0-43 


3'13 


4-33 














18. 


2-8 


3-0 


+ fr€7 


3-47 


3-67 














20. 


»6 1 


.3-7 


+ 0-7o 


3-35 


4-45 














83. 




3-3 


+ 0-86 


3-96 


416 










1 




Mean of 35 oba. = 


3 3-807 


3 4-228 


Mean of 29 obs. s= 


3 1-901 


3 1-854 



DiffcRmce (tf North Pohtr Owtraee of y Sneoma 
ud Bode noDnoonia. ISM. 



Mean of 70 ofaa. 



»' 4'' 0l« 



Mflu of »8 obe. a 3' i"'S77 



Mew of 70 dba. (v SS xS) with bodidideafbr llie epoch Jaa. 1, 188S, 
8aiB<Sf Amuiai VariatknaoflNitib Btain 



f M 

! S 4-018 
> — M40 



Difference of North Polar Di.^tance reduced to Jan. 1, 1834. by 70efaa, is 18S3 . . 
Mew of 58 oba. (= 29 x 2) for Jan. 1, 1834, by M oba. in 1384 

Mean of total 1S8 oba. Jaa. 1. 1834 



3 
3 



1-778 
1-877 



= 3 1-823 
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Table IV. 

Fundamental detenoinations of the Zenith Distances of y Draoonfs. 



Epodx. 


StMt of 

lunar 
nuu> 

tion. 


mmib dbt. 
iciIucmI 
to die be- 
gbuiiagof 


aae 

of 
MO. 


Zenilb dlMMM* Miim4 Aw M. IIwm'« 

Formula (Taiuilc RMMimiT*ir«^ P*46.). 


DifTerence 
of fonnnU 

and ob. 
Mllttf MO* 




laoot. 


Mlcnt. 






17A3. 




i ft 

3 2 05 




2 26-669 


+ 3a-555 


+ 2-233 


3 e-4.'i7 


-j- 0-407 


Hy Bk « i>L»T wiUi Z»o. Sector. 


1768. 




2 30-30 




2 26-669 


+ 22-899 


+ 1-035 


2 50-603 


+ 0-303 


Mawzlthk PiUtt. 


1802. 


+ 9-5« 


2 25 30 




2 26-669 


- 1-428 


+ 0-004 


2 25-245 


-0-055 


Ohio, IMua, 


1813. 


-7-64 


2 17-40 




2 26-669 


- 9-281 


+ 0-171 


2 17-659 


+ 0169 


Foxb Ditto. 


1SS8. 


-4>90 


S »47 




e 




+ M01 


S 4'SIO 


+l'74» 


Ditto 2i«w ZcB. Ttincapc 



The above results (column 3rd) are those that have been obtained with liie i^reatest 
care duringtbdr respective periods ; and having been deduced from observations with 

the zenith sector, thpv nre qn'ife indepfiulent of the Intitiide of the Obscrvatoi-y. 

M. Hes.sel's forruuia is deduced from the observations for the first sixty years, 
and therefore agree \cvy well ; but when we attempt to predict from the observations 
of these ^ty years the place of llie stars for twenty years to eomt, we find a difler< 
ence of 1*'*74 between the predicted and observed senitb distance, the observed place 
bein§r this quantity sonth of it. 

S^q^tmatian itf thtforeginng Tabus. 

Table I. contiuns the results of 60 observations of the small star Bode 170 Draco* 
nis, made witli .Iones's circle, and is intended to show what degree of accuracy may 
be obtained by extreme care. TJie mean difference 0"'357, column 3, between the 
mean of the whole and each result, (and which Is nearly the probahk error of a 
single observation firom this s«4es,) demonstrates with idmt care they have been 
made. The same may be said with respect to the mean difference of column 4, 
namely, 0" l5a, which is similarly obtained from the mean of the whoh- ntu? Jlip 
mean of each ten (a quantity which represents nearly the probable error of the lueau 
of ten observations). However^ it may be remark. ed, that the exact coincidence ex- 
hibited throughout this series docs not prove the troth of the final north polar 
distance of the star here assigned, since some omissions or errors in the process of 
reduction woidd affect it. That no instrumental error e\i ts I - demonstrated by the 
identity of the result \v\{\\ that obtained ^vith the new instrument 

Table II. contains the same observations arranged in a diifercnt manner. 

This is the arrangement I have advantageously followed in investigating the^lfer* 
ence of parallax ; the object being to distinguish the eflbct ariring from accidental 
cmor of observation from that which is doe to any permanent astronomical cause. 
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This method ^honld be empioyed when the object is to judge of the cODsistency of 
obsenratioas, without any reference to the astronomical result. 

TU>Ie III. showB the maoner in which the difference in seidth di§tance between 
the two Stan is obtained by means of the circUw ; a quantity, as I have shown, of 
the highest importance in thi- investigation. 

'n»i.s quanttty, having been dt-tennined by the microscopes of tlie respective ritcle»>, 
might be erroneous if the runs of the microscopes were not exact, although the error 
here must be very small, twelve microscopes being constantly used. Bnt as they 
have lately becni taken down, examined, and replaced, without any sendble altemition, 
it may be presumed that the error from lids source is sufficiently corrected. 

I'alde IV. This Table contains in a very compressed form the result of an immense 
number of observations of 7 Dmconis during a period of eighty years ; and it will be 
seen tliat it from M. Bksskl's formula*, deduced from the fii'St sixty years of these 
oliservations, we attempt to inedict or asdgn tlie place of tlie star for the present 
time or twenty years in advaace^ the star will be found l''-?^ south of its emnpnted 
place. 

*BrtfawiSnBtils«lMMiiidi dirtaan of ^ ntw Mith for l«0O» -f f 8itS'S6''C6»-r.0"*71«P4 -i-f*. 
0"-001011. Whm i ■ Oe msber of ywi Iwf on or liker 1800. if MbK. die Mgn of f b aiaii. 
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IX. Some«toceiad^^BnifHm*fy«$itoim^ 

1834, extrmieifiim ike Mamueript Netet ^Ota CnmSare MotmcBUi, Umigm 
Member efAe Geeb^cal Sod^, taut /rem other eoureees iogeAo' wtM « Slate' 
wui^ ^ Me iVoAwlf ^ the Rregftkm, tmd ^ emSiSiM ^ Me Vekam Mt^ 
eefuaUlsf loit, JB» Chablbs Daubbnt* MJ), FMJS, RGS, ^rc* P)r^e$»er ef 
CI<MiiAy ami RotaKjf in Me Unieermty'^Os^M. 

Raodfed VblmffT Bead Mueh 19. 18». 

The eruption of VeWfiBB which occurred in the month of Angnst of last year» 
excited on the spot an unnsim! sharp of interest, from the largeness of tlie volTime 
of lava at the time diachurged, and the extent of the damage it occasioned in its 
pruj^resti doim the mountain ; whilst in a scientific point of view it atti-acted the 
gnster «ttenCioii,aiiioe it iras regarded by many as the eondtidBiig- link in a aeries cC 
vokanic operatkoa, which had beea going on np to that period adth only occarional 
intermissions from the year 1831. 

It wius therefore natural, that on my arrival at Naples shortly after the mrmntiiin 
hod subsided into a state of comparative repose, I should seize upon the opportunity 
which appeared to oflfer of incteaiing my acqoaitttance with volcanic phenomffia; 
first, by collecting on the spot each information as could be beat rdied on, with 
respect to the leading features of the past eruption ; and aeooodly, 1^ ascertaining 
from personal rxnniinntion the aotual condition of thr volcano, and the pcodnctS re- 
sulting' i itiii I ti ( 111 ila late operations, or from those in actual progress. 

With a view to the former object^ I solicited and obtained from the Cavaliere 
MoimcBLu (one of the Foreign Members of the Geological Sode^) a written aceoant 
of the eruption, from which he has permitted me to extract aach particulars as I might 
deem likely to interest the Members of the Royal Society ; whilst in the hope of ac- 
complishing the latter object, a considerable portion of the time I spent at Naples 
was taken up in visiting the several parts of Vesuvius, and in ooUecting the sol d as 
well as aerifonn sobetances, ejected from lis omter» and from the recently erupts 
lava. 

In the former part, therefore, of the present communication, I can cUim no further 

share, than as the compiler of facts nbsorvcd and reported to me by others; and all 
that I conceive myself personally responsible for is the latter portion, in which I 
have stated the severui products and actual condition of the volcano at the time X 
visited it 

KOCOCXIZV. X 
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It would appear that for a considerable time previous to tbe eruption in question, 
the ciater of the volcano had oontinoed to thraur iq» atonea and Msori4e« vrbieh MSag 
down for the nmt part almost perpen^cnlarly round tiie pcdnt of their emlidoii, had 

by degrees accumulated into two conical masses, which rose up in the midst of the 
great crater. The largest of these cones is calculated to have been more than 200 
feet in height^ and possessed at one time a regular pyramidal form^ with an appear- 
fao6 of ataUlity. 

It fo atated, however, by MoNTicaui, that in May laat, from Ae 90th of wideh 
month op to the 20th of July, the volcano had contiamed to throw up stones and 

ashes, and even to emit lava, both these conical hillocks were ohserv< H to he broken 
away, and to sink towards the south ; whence, in a memoir read by him to the Aca- 
demy of Sciences at Naples on the otli of August, he predicted their speedy disap- 
pearance. 

These anticipations were realized at no long period snbaeqnently. On the a2nd 

of August, after the volcano had continued for a month in a state of apparent repose, 
vohmiee of biflfk smoke began to show themselves on the summit of the more recent 
of the two hillocks above noticed; and after a smart shock of an earthquake^ this 
tPM snooeeded by qeotioiM of red-hot Monea and aeorii^ wtmk continnad to bo shot 
forth all the night nitb fresh quahings and cunblings of the soB. 

Early on the 98rd, ft enrrant of lava was seen to issue finom the foot of the great 
cone which enrornpassr*! tlie erater on Us western side, and this bending in The direo- 
tion of the point called Crocelle, reached tlie flanks of the rising ground denominated 
Contaroni, whence, moving continually forwards at the rate of about six feet per 
ndnnte, and rdnforced by a second etream of lava iHiidi had burst forth from anad* 
jacent point, it readied aboot nightfidl the path genenify tsikcn tma the Hermitmo 
to the summit of the mountain, which it completely blocked up. 

During the 24th, lava continued to flow fmni the same points, and to advance 
down the western declivity of the mountain ; and during the night a violent shaking 
of the volcano^ which agitated the wliole a4jacent oonntry, was apparently coin> 
ddent with the Ailing in of boih the conical hillocks described as existing in the 
interior of the crater, no traces of which were visible in tho morning. Thus we 
hnvc bere a decided instance of two consirkrable pyramidal masses of volcanic ma- 
terials, not blown into the air, as some miglit suppose to be the case, but actually 
swallowed up within the cavities of the mountain in the course of a single night. 

Up to this time the western nde of the voloano had been the point thatyidded to 
the internal pressnre, and the tnhalrftants of ForUd and Resina bad imagined them- 
selves to be chiefly menaced. But on the evening of the 24th a fresh vent was 
established on the eastern side of the mountain near the Grotta del Mauro, whence 
the lava of 1817 had issued ; ajid after this had taken place, no more lava was ob- 
■erved to flow from the western side of the cone. On the other hand, the ouirent 
from the castem side waa rdnforced on the mondngof the 25th by aaecondatreaiq, 
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which issuing forth from the foot of the great cone on the spot called Coutrel, flowed 
over the preceding one. 

On the moningof the S6th, im immenie colaam of black and denie smoke served 
as the pfdnde to the bunting forth of a new current of luvu from the same point as 
before, as wt\l as from serenil othei-s in the neighbourhood; and the whole of this 
molten mass poured down the mountain in a single narrow strcan), circumscribed 
within the boundarieii of u hollow way or water-cuurse. Here, its progress being 
fimwied by the rapid slope of the dedivUy, it very soon readied Manro, and took 
possesrion of the road leading from Bo80o4r»«a8e to Ottayano. 

On the 37th it was augmented by two fresh currents emitted from points not far 
distant ; but now, instead of flowing on in a single stream as before, it became di- 
vided into three. The largest of these currents, going straight in the direction of 
Mauro, spread over some lands belonging to the hamlet of Torcigno ; the second 
eoverad the cultivated fields above Boeeo-reale ; and the tlurd invaded the uj^ part 
of the village of Bosoo*tfei«ase. 

It was the first, however, of these cnrrents which effected the greatest damage. 
WidcTiinc: as it descended, it iiad acquired, by the time it reached the base of the 
mountam, u breadth of nearly half a mile^ retaining even there a depth which aver- 
aged from fifteen to d^iteen feet. 

At Mauro, the Oudno of the Prinoe of Ottayano- llNined ite preeiae boundary to 
the north, and one wall of that mansion was swept away by ^ whibt all the rest of 
the buildinir stood uninjured. From this point tlie lava proceeded to the road which 
leads from 'I'orrc del Annnnziata to Ottayano, which it completely blocked up, and 
moving still further to the eastward, swept away in its course several detached ham- 
lets indnded m the Commune. 

It is calcidBted, that 180 bouses, the abode of about 800 persons, were destroyed 
by the ctirrent, and that 600 acres (moggie) of land were covered over and reduced 
to sterility by it. 

Among the remains of the houses overthrown by the lava, which I was able to exa- 
ndne, no traces of fusion were vinUe, and the iava seemed to have noted merely us 
so much dead weight presdng upon them from vithoQt Tliese, liowever, it is to be 

remarked, were on the verge of the stream, where the lava was least hot ; for in the 
interior of t!ie current I was unable to discover any vestiges of the houses that had 

been destroyed. 

At the time that the eruption occurred, the villages in the neighbourhood were 
covered, to the depth, it is said, of two inolMS, by a shower of capillit and from one 
account which I have seen, it would appear that torrents of hot water were poured 

down from tlie crater on the 28th. 

The flow of iava from the crater continued all iIk 29th ; but subsequently to that 
date no further eruption was perceived, and the pnucipai current already described, 
being no hmger urged fiwwards or augmented by fresh streams from above, gradual^ 
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slackened ia its progress, and stopped ut a distance of about a quarter of a mile l>e> 
ytmA the load from Tom to Otta7«iK»* 
Tht knra is wtSd to have been aiiconipHiicd throughoDt its prcgrM S by a elond of 

black sand, which hovered over its path, and from this cloud emanated frequent 
flashings of very vivid lightning, sometimes, but not always, followed by thunder, 

These flashings Monticklu refers to the particles oi sand being in an opposite 
■late of dectrioi^ to tbat of tbe aur, and consequently, when dillaied tbrough it by 
tiie frind, prodncinf a diiehargo of deetrical Bght. Hie Hune phenomenon was re- 
marked by him in the preceding month of May, at wUeh tine the volcano, as has 
been stated, emitted -i rloud nf lit^ht vnlranic sand. This was diffused by the wind 
over the whole of the ciicuniambient atmosphere, and from the edges of this cloud, 
where the lightciit and finest particles only of the sand were present, frequent corus- 
cations of lightning appeared to emanate whilst in its denser and blacker portion 
none such were disoemlble. 

Towards the close of thi<; eruption there occurred a phenomenon, which may per- 
hap!; be attributable to the volcanic action going on under Vesuvius. In a pond be- 
longing to a private individual at PuzzuoU, all the fish suddenly died. In the lake 
of Fusaro, at this time, fimn twdve to thirteen hnndred weight of fldi were cakw- 
lated to bave perished $ and it was remaiked, that the vlotlnis principally helonfoil 
to those species which congregated at the bottom of pools, such as eels. Thus, too, 
a vast number of oystrt-': -it the bottom of this lake were found dead, whereas those 
which had attached themselves to the stones or the reeds on its sides are said to 
have escaped. In the neighbouring lake of Licola, also, several of the same species 
of fish were found to hare peridied* 

After the 99th itf Augnst no fnrtiier signs of intennl commotion were exhibited.by 
the mountain during the past year, except that disengagement of aqueOOB and sBli- 
form vapours from the crater which is scarcely ever entirely absent. 

So tranquil a condition of the volcano^ although to a general observer it might 
appear deficient in that lively Interest whidi belonged to the slate of things that had 
preceded it, was at least fhvoniable to a detiUled examination of the several parts of 
tiie moontain, and allowed of my descending twice into the intnior of the crater, whidi, 
owing to the falling in of the two conical hillock" nlhuled to, presented at that time a 
comparatively level surface. There were, indeed, tiiree depressions or pits of con- 
siderable depth in the midst of it, which, though without any visible communication 
with the interior« were so chaiged witii the nosions vaponxs erolTed Atom an mfinity 
of minute and scarcely vinble spirades, that it was jndged nnsafe toventure down into 
them, llie rest of the crater, however, was a concavity of no great depth, which was 
traversed by my guide and myself with comparative facility, after we had remained 
within its precincts time enough, to collect the various subUmations that lined its 
walls, and to condense some of the vapours still copiously exhaled firom its crevices. 
The ddes of the crater consisted of strata which njgfat be traced for a .oonshlerahle 
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tnqr round its brim in a directioo nearly horisontiil, esGe|»t in one part, trben^ fram 

some shock or fractore, they had sunk abruptly downwardfl. These stnrta consisted 

of loo«p volcanic sand and rapilli, coated with saline incrustations of common salt, 
roioiired red and yellow by peroxide of iron, and presenting a beautiful and brilliant 
appearance. I could perceive no dykes intersecting these strata, as at the Monte 
Snnma. 

In order to collect the vapoora^ I caused to be constracted an apparatus, consisting 
of the head of a }a.Tge alembic, fitted on to a (^lindncal vessel of tinned iron with 

riveted joints, which, being- open at bottom, and introduced a little way into the 
ground, served to conduct the exhalations into the receiver connected with it above. 
By this contrivance I succeeded in the course of an hour or two in condensing- a suf- 
ficient Quantity of the vapour for chemical examiuattou at Naples. In Uie liquid 
collected I conld detect no Mlhie Ingredient, and there appeared only a slight trace 
of sdlphnrons wstdphnric acids. The principal bodycondoued along with the steam 
was muriatic acid, which was uncombined with any base. 

Whether car})onic acid might be tiisengaged from the crater I could devise no un- 
exceptionable method of determining'; yet by comparing' the quantity of carbonate 
of barytes precipitated, by exposing a given quantity of barytic water for five minutes 
in the vapour of one of the Fumaroles, with what was obtained from the same quan- 
tity in equal times exposed to the open air out tiie Pnmaroles, I am led to con- 
dude that this gas was exhaled. 

Of nitrogen, the air of the Famarole appeared to contain the same proportimi, as 
atmospheric air does in general. 

No sulphuretted hydrogen was emitted froni the crater, neither could T <iiscover, 
either in the condensed vapour or in the sublimations lining its walls, any trace of 
mnriato of ammonia. 

Mumtic salts principally were detected aoHN^ the latter, but sn^hates of lime, 
alumina, and iron were likewise present. 

Hie next pmnt in the volcano which arrested my attention was the vent on the 
eastern side of the erput cone, from which issued one of the princtpoi Streams of lava 
that burst from tlic mountain in A\igust last. 

The vapours here collected appeared to agree in competition entirely with those 
ftom die iattthir of dw crater i and the snblimalimiB were of the same nature, with 
die addition of much specalar iron ore and some muriate of copper. 

The lava, which bad been emitted in August, continued, when I visited it inNovenu 
ber, to give out throughout the whole of its course white vapours ; and even after the 
copious rains wliieb fell subsef]uently. many of the spiracles, so late as the end of De- 
cember, continued to i mit the same. The ialeriorof the current appeared also at both 
these periods to retain a considerable proportion of its original temperature. After 
removing about six feet of loose scoriae, I at length reached the npper sorfiMse of the 
.bed of lava itself, into wfaidi it would have been impossible to penetrate withont the 
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assistance of mining iitiplements. The surface teraperature of the lava was indeed not 
high enough to melt lead, l>ut one of Daniell's pyrometers, with an iron rod, left in 
contact with it for a few luiaatcs, ro6e more than one de^pree. It is probable, however, 
tiiat I had ftU«d In thit fautaDoe in obtaining the lull temperatore of tbe lupcrfides i 
for neatly a month afterwards, tfaat is, farte in Deeember, after mndi rem. had ilUlen, 
I remored the scoriee froBn another contignoos pordon of the bed, and found that a 
thermometer placed upon it, anrf merely covered over with a little sand, roso to 390*' 
of Fahhrnhbit. From the cracks and cavities of this lava much aqueous vapour was 
stiil exhaUng, and this 1 succeeded in condensing by means of the same apparatus 
triuoh I had employed idthin the crater. 

Tbe condensed steam on examination was found to be impregnated^ not only with 
finee muriatic acid, but also witli muriate of ammonia ; and as tin- vapours were col- 
lected at the very point of their escape froni the lava, it can lianlly be doubted, that 
tbe latter salt is actually present ready formed within the cavities of the stone, 
liaving been emitted from the volcaao along with tiie htva itself. Tb» scoriae which 
cover tiie surface of the bed are ki some places qmtc incnisted over with beantiAd 
crystals of this sort, some of wluch are perfectly whitCj whilst others are of an orange- 
yellow colour. The latter appears to W owintr to the presence of oxide of iron. The 
quantity of sal ammoniac was large enough to repay the trouble of collecting, and 
much of it was carried away by tbe peasants to Naples to be sold to the workers in 
brass and jewellery. Mnriate of soda was also cranmon amongst the substancea in* 
crusting the srorin, bnt noDC could he detected in the vapour emitted at the period 

of my examination. 

The very same substances I foimfi tn be exhaled, during my stay at Naples, from 
the crater of tbe Solfataraof Puzzuoli, which differed however in one respect, namely, 
in that of emitting much sulphuretted hydrogen, from which the vapours of Vcsnvios 
were entirely ftee. Hence dke film of minute crystals of tnlphnr which forma on the 
surface of the rock of tbe Solfatara in the immediate ndghbomhood in the Fuma- 
roh s ; whilst from the Vesuvian lava no sulphur In any form was given out at the 
time of my visit, although amongst the sublimations produced at an earlier st£^e of 
the operations, crystals of this body were not uncommon. 

Tbe disengagement of such principles, aa water, murfatle acid, and sal ammoniac 
from a semi-extinet volcano like the iSolfatara, is much more intdligible, than its escape 
from the substance of a bed of lava which has alrr-ath' imderg^one consolidation. 

In the latter instance, what is the condition in which we are to imagine such bo- 
dies to exist in the heart of the mass ? Not certainly in a state of chemical union 
with ite constituents, for wo cannot conorive any affinity inherent in salts of ammonia 
or soda for the earthy ingredients of a bed of fana; neither, if in combination with 
them, would they be separated, as the latter parted with its beat 

It seems necessary to suppose, that these bodies, being' thrown up at the time of 
the eruption from the interior of the volcano, became entangled within the interstices 
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of the lava at the same time diseDgaged ; that a portion ot what was originally ejected 
Still contifUMS in a compreMed ttate vithin the oavities of the rock, especially in its 
interior ; and that it is only by slow degrees that they find means of escape tiirougli 

chinks and crevices to the surface. 

We know that many trap rocks contain a portion of wntfv nnd of muriatic acid, 
and that the latter body has even been detected in the donate of Auvergne, a vol- 
ctnie production, which^ comparatively speaking, must be regarded as «tf extreme 
antiquity* i so that we may more readily conceive, in what manner lavas of recent 
origin retain larger quantities of the same volatile principles, and even certain saline 
substances, diffused through thtir jinrcs and fissures. 

Periiaps indeed, although cliemu al attraction in these cases is out of the question, 
a certain degree of adhesive affinity may have been exerted, between the substances 
esfaaled, and the wbQs of the carities that had contained them. Dr. FAauuv, in the 
Sxth Series of his Researches on Electricity, published in our Tiransactioas, has in- 
trodiiceil some pertinent remarks on this kind of influence, referring to it, amongst 
other phcnonieiia, the operation of platina in determining the union of oxygen and 
hydrogen in Dobereiner's experiment. Nor indeed does it seem iiuprubable, that, as 
heat eiercises a repulsive power, not only between the particles of bodies, bnt Bke- 
wise between masses of them-f*, so likewise a species of affinity may exbt between 
masses of matter even where their particles are not mutually attractive ; and that this 
may retard the operation of heat upon bodies possessing intrinsically a coti>>iderable 
degree of volatility, and prevent their entire disengagement all at once from the cavi- 
ties of the substance which entangled them. 

Be that as it may, it seems certain from Hie above observations, that ammonia is 
one of the original products of volcanic action in the case of Vesuvius; and it 
would ho easy to extend the same inference to other volcanos, — a fact, I am aware, by 
no means new, but still one, the circumstances of which seem to deserve investiga- 
tion, especially, as from the readiness with which nascent hydrogen enters into com- 
bination mth asot^ it might be imagined, that the ammonia was smnehow or other 
generated in the open air, owing to a disengagement of hydrogen frmn the lava. 

I trust, that the having traced it to the vapour directly issuing from the mass efTec- 
tually dispels such a suspicion, and will serve as an additional argument in support of 
an opinion I have long entertained, that atmospheric air and water both find their way 
to the seat of volcanic operations, and are alike deprived of their oxygen by certain 
primdples there existing ; wliilst the residnaiy nitrogen and hydrogen are evolved, in 
in some cases separately, in otbos united, in the form of ammonia. 

* I might likewue refier to the existence of carbnretted h jdragen in a ooodeoMd Mat in onitiM of vocfc- 

(alt at Wielit^.ka, nnd thut of ammoniac in that of the Tyrol, as facts of the same cjrscriptjon. The latter 
might lead to gome Bpccuiatiooi with regard to the origin of i«a-»it. to which i maj' perhap* ou Mme future 
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X. On the Atmospheric Tides ami Meteorology of Dukhun (Deccan), Eoit JnMes. By 
Lieutouwt-CofanelW. II. Svkes, RR.S. L,S. O.S. Z^, Hce-Ptttident of the 
Statistical and Entomological Societies. 

Recmed Majr 14.— Read June 19. 1834. 

The value of tbe following meteoi-oiogicui ob^iervations depending on the goodness , 
of my instramenla, on certain precautions in tbe ime of them, and <m the oare with 
which atmospheric changes were recorded, I shall fweface my notices on the me- 
teorology of Dukhun with an account of the instruments I had in use, and of my 
method to insure correct results. In determining atmospheric pressure, for the first 
two years I was conlineU to two of 1'homas Jones's barometers : they required to be 
filled when employed, and were destitute of an adjustment for the change of le?el of 
the mercury in their cisterns, unless the position of the dstern had been altered at 
each observation ; a measure attended with insuperable inconvenience. At first I 
experienced a good (leal of vexation in expelling thr moisture from the tube« ; hut 
by previously rubbing the inside with a tuft of Ho&b silk tied to the end of an iron 
wire, I dried them so effectually (unless in the monsoon months) as to excite power- 
fol electririty : and I have frequently had sliodcs In my right thumb, rundng op to 
my shoulder, in pouring the mercuiy into the tube, accompanied with cracking 
noises, until the approach of the mercury to within two inches of my thumb, when 
the electricity was discharged as described. I experienced these shocks at Salseh, 
near PurnmUu, ua the 3rd of February ; at Pairgaon, on the Bee ma River, on the 
14tb of February; at Kundallah, in the hilly tracts, on tbe 14th <tf March, 1938 1 
and at many other places. Jones's barometers were each provided with a dienno> 
meter let into one of the \vgs of tlic tripod on wliich the barometer wns suspended. 
Tlie scale of this therinotnclrr was of tliin ivory, and the tube excessively slender. 
During the heat of the day in the dry season, the scale was contracted, by parting 
with its moisture, into the segment of a oirclei, bending the tube of the thermometer. 
At n^t the ivory scale relaxed from its curvature, and at sunrise it had retumed to 
a right line. This operation continued daily for more than three weeks ; but on the 
15th of February 1827, the contraction of the scale was too great for tlie flexibility 
of the glass, and the tube of theraiometer No. 1. broke. Tbe tiiermometer attached 
to barometer No. S. nibsequently Aarcd liie same fate, fi om a similar cause. TmmA9 
JoNBs's barometers pack well, carry easily, and are certdnly very useAil as diecks 
upon pennanently filled borometerB, which frequently give false indications, from the 
unknown escKpt of the mereuiy, or ttie adniissionof air, which coold not l>e dete c ted 
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without the aid of a leoond barometer: bat ttuy are very troublesome to fill; are 
destitute of a thermometer near the cistern, to determine the temperature of the 

mercury; and want the means of adiiistin;^; the lower level of the barometric 
column ; the tnhe«! nr»- frequently breaking, from the pressure «»f flie iron screw 
which fixes the cij>tcrn to the tube, (I have broken seven tubes from this cause,) 
and in case of not being tightly screwed on, the dstem fiills off firom the m eight of 
the mercury in it, and the nwrcnry is lostt and from the uncertainty of expcUing 
air and moisture from the tubes, particularly in the moist months, the indications of 
the instrument can only be looked upon as approximations to the truth. 

On the 12th of April 1827i I bad the gratification to receive three barometers 
ihun England : they were made by Gary <mi the EngufimiD construction, which 
admits of a most delicate adjustment of the lower level of the barometric oolumn 
in the reservoir. They were beautifully finished, but unluckily had reservoirs of 
ivory; and 1 instantly foresaw the inconvenience to which such selection of ma- 
terial would subject me. In the dry weather the ivory contracted, and permitted 
the escape of the mercury by the screws (male and female) which joined the two 
portions of the resenroir. Subsequently the reservoirs craclced at the spots where 
the metallic screws attached the reservoir to the brass cylinder surrounding the tube 
of the barometer. 1 was finally compelled from these disasters, wlttiin a twelve- 
month, to send two barometers back to Englurid to have glass or iron reservoirs put 
to them. From the ease, accuracy, and delicacy with which the contrivance in tlie^e 
instruments permits the mercury to lie adjusted at its lower level, they require only 
an iron cistern to render them quite effidenti and they are peculiarly suited to 
measure minute ehangea in the atmospheric tides. Mr. Nbwman of Regent-street 
has actefl upon my snprgestion, and ha«? ronstruoted two En'glefjeld barometers with 
iron cisterns, to which he has applied an excellent improvement of his own to pre- 
vent the osdIlaUon of the mercury in the tube en rmife. 

Having broken the seventh and last tu1>e belonging to Jonbs^s barometers, to pre- 
vent my observations bmqg confined to a solitary instrument I had reoonrse to one 
of the India Company's barometers made by Gilbeiit: it was very heavy, and clum- 
sily constructed, hatl air in tlie tube, and I iuscertained the mercury not to be of 
the specific gravity engraved on the reservoir. The instrument had a glass reservoir, 
and the manner of fixing it to the tube was snflicieotly ingenious ; but it wanted an 
accurate and efficient methu<l of adjusting the lower level of the mercury. This 
operation was to be effected by looking through the '^hi^s reserv(jir and screwing up 
the mercury to a line iriarked on it ; but the oxidation of the mercuiy usually 
dimmed the glass, and made it no easy task ; even had it been readily practicable, 
the oeenmnce of the tube exactly in the centre of the convex surfiuse of the mer- 
cury prevented its outline bdng fully seen, and the reading off could never be rigidly 
accurate. These causes combined to render unsatisfactory, observations taken with 
the instrument to fix the exact time of the flux and reflux of the diurnal atid noc- 
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tanal almoiph«tic tideis but it aiuwmd aaflkfantly as a check upon my other 
banimeten. Several others by Giiabbt, used by myself and my Mends, were found 

to be siniiliirly defective. 

Auxiliary to the l<firo meters, I had in iise Adie's syinpiesoineter. This instrument, 
60 ingenious iu its construction, I soon found to be utterly inadequate to niea.sure 
the pressure of the atmosphere uith the correction given to it for the expansion from 
heat of the hydrogen gas in the tabe. An inspection of my meteorological register 
will show by a glance the inefioisncy of the instrument as a sulMlitute for the baro- 
meter within the range of my obser\'atiuns. In fuct, it constantly sunk w ith increase 
of heat, an'! gradually rose witli the return of cold. In \ LTy i't'w instanrt-s it^ n whole 
year was it lound to have stood higher at 9| a.m., the period of the maximum atmo- 
spheric pressnre, than at sunrise; and in these trifling approximations to truth -it 
evidently detniorated suice the first record of Its indications. A .sympisaonieter 
in possession of the Assay Master at Bombay was subject to the same defects. I 
ncverthelos?? continued my observations with the instntment simultaneously with the 
barometers, to supply the inventor with the necessary elements for its correction, 
should he desire to make use of thera. I was furtlier induced to Iceep the instru> 
ment on my rcgiMer, flrom the advantages I derived from the attached elegant and 
accurate thermometer, which bad its degrees divided into fifths. 

The temperature of the air was determined by two excpllrnt Doixond's Fahren- 
HP.rr thermometers, one of which had been in my possession twenty-two years. One 
had a brass scale, the other a stout ivory scale sufficiently robust to prevent the 
dry air warping it materially, Hiese - thermometers never differed from each other 
more than half a degree, and I had great confidence in their indications. No. 1 . with 
the bra-ss scale was used for several years to tlctcrminc the tcmppcaturc of boiling 
water at different levels. In this process sjnall particles of niertury rose from the 
sur&ce, and fixed themselves at the apex of the tube ; but this was easily remedied 
liy driving tb« mercury by heat up to the apex, and in retirii^ it always carried vrith 
it the particles which had risen. 

For the determination of the moisture in the atmosphere, two of Lbslib's and one 
of DA^fIBLt,"s hygrometers were sent to me from Calcutta. The former were kept in 
use from the 21st of March 1826 until the 7th of April lti27, when, finding them 
destitute <tf uniform indications with respect to eadi other and to Danuix's hygro- 
meter, I was induced to give up employing tiiem further. DanibWs hygrometer 
was continued in use from the 21st of March 1826 until the 30th of September 1827, 
when it was unfortunately broken. There not being an instrument of the kind for 
sale iu India, Colonel Goodfelu)w, Chief Engineer at liombay, was good enough to 
assist we with one, which was brought into use on the 3&th of October following. 
This continued in ns^ irith occasional interruptions from the want of lether, until 
the 28th of March 1828, when it shared the fate of the former. From this period 
until the nth of June 1829, I was disabled from making hygrometxic observa^ 

y2 



. J by Google 



m 



UB1IT.>COL0MBL STKBS ON TBB AIHOSFBBMC TIDBB 



tkn^i w&ea fhe srrivBl of oilier hjgnmMten ftom Europe permitted me to rewme 
them. 

Danibij/* hygrometer I foand to be an admirable instrument, ingenious in its con- 
sstnirtion, definite and uniform in its indications, simple in its me, nnf! snrisfactory in 
its results. But it is not without a drawback upon its utility. ludcpendtntly of the 
demand for a constant supply of tether, there are periodij of the year in Dukbun 
when the high temperature aad extreme drynem render the detr-point only obtdn- 
nble at such an expense of eetber as to rendor it an object of pecnntary conridera- 
tion ; and with the very best rether I have never been able to rcdnce the tempera- 
ture more tluui (j]' of Fahkenhbit s scalf, that is to say, from 90" to 29°, on the 16th 
of February 1B28, at 4 p.m.; and at that hour the attempt in the months of March and 
A|wi1 1827 proved fraitlcn, and I was obliged to give up a register of the deiring- 
p^t in the afternoon. In the month of Jannacy, at snnriie» on the 4th and 6th 
respectively, I got tlic dcwing-point at three degrees below that of congelation of 
water, namely at 29"^, the temperature of the air liein^-^ (Vi" ; and on the 3rd of Febru- 
ary 1U28, the dcwiog-point was at 28° Fahr.^ the air 56°, at sunrise. On the 
17th of Febmary the lowest dewing^point ever registered was obtnined, namely 27^ 
Fahb., temperatore of air 57**50 at sunrise. The objections, therefore, to this 
instniment are, the great expense of sether in the dry months, and the occasional in- 
ability to obtain the dcwing-point when the temperature is very lii^li and the day 
very dry. I never had any difficulty in Bombay or in the Konkun in obtaining the 
dewing-point, even at a temperature of the air of 91° 50 Fahr., uor mil the effi- 
ciency of the instminent ever be doubtful within the tropics near to the sea shore. It 
is necessary to mention that the temperature of the air in Dukhnn sometimes exceeds 
the boilinf^-point of good jet her. 

The measure of the quantity of rain which fell was taken with two instruments, 
one of which was sent to mc from Calcutta under the appos>ite name of ombrometer, 
and the other was obtained from the medical stores at Bombay with the hybrid ap- 
pellatioii of plnvioroeter attached to it. A hollow cylinder closed at one end had a 
metallic float with gage-rod, resting on the bottom. The rain was received into a 
round ftinnel fixed to the top of the cylinder: tlie diameter of the mouth of the funnel 
was in a certain ratio to that of the cylinder, and this ratio regulates the length of 
the inches on the gage-rod. The ombrometer was made of brass, neatly finished. 
The pluvi<imeter, of lackered iron, large, rudely finished, and unirieldy ; and it hud 
further the disadvantnge (unlike the ombrometer) of its funnel-shaped mouth not 
closing roiniH the gag^e-rod, an improvement preventing the evaporation of the water 
that failb into the instrument. Both rain-gages stood wore than three feet high, 
but their cylinders were of diflerent diameters. In both, the inches on the gage-rod 
were so luge as to admit of faondredths (and even thousandths if it were required) of 
an inch of water being read off \s'ith ease. Tliey always worked very well together, 
the only discrepancy being in the larger instrument indicating two or three hun- 
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dredths of an inch of water less than the smaller in the first tenth of an inch of rain, 
ftibaequently tliey coincided in their indicatiom even to tlie hundredth of u inch. 
With CAKr> EmuniiiD barometerfl, [ received three tbemKMnetrical barometeny 

far determining heights by the difference in temperature of boiling water at difl^Brant 
levels. Owini^ to faiilline.ss in their construction, they provfd complete failures, and 
were sent back to England. I satisfied myself there wiui u good deal superfluous in 
the apparatos accompanying them, which made them moreover expensive, and I effi- 
eintty rappUed the place of theie barometrical thermmneteTe by two good common 
therm<nnetei8 with metallic scales and a tin shaving-pot with a slit in the Ud, hi which 
the thermometer was plart rl liiMri«r movca!)lp in a collar of cork. Piire water and 
dry sticlis were always fouiui, an attcmiatit carried a light, and ray boiling-operation 
was concluded in u quarter of an iiour without the aid of tallow, lamp, sulphuric 
acid, phosphoric matchcSf trimniing-scisiMS, tweeseni hanging-screw to fix into 
treee^ water-bottle, kc, &c., involving the outlay of several pounds. Accuracy in the 
indications of the instrument also was risked, owin^^ to three fourths of the stem of 
the thermometer being' exposed to the wnd or cold air diirin/^ tlie time of the im* 
uiersiou of the bulb in ttte boiling water, which checked the rise of the mercury. 

Having for eeveral years practiaed the baitNnetrical and thennometrical methode 
to detemdne hdgfatii I have no hesitation in expressing my ofrinion, that a good 
thermometer and a boiling-^iot may efficiently supply the place of the expensive and 
delicate barometer where great accurnru is not required. In many instances I found 
the results by the two processes almobt identical. 

My dectrometera consisted of two balls of pith anspended in small glass jars capped 
with brass, having an devated point on the pbne of one cap, and a wire projecting 
from the apex of the other, which was bell-shaped. Tliey were in fact Cavallo's 
pith ball bottle electrometers, with Saussure's addition of pointed wires, but without 
a graduated scale on the bottle to measure the divergence of the balls. Owing to 
some peculiarity in the instruments, they feebly indicated the presence of electricity 
in the attnosphere, although at certain seasons it was so rife as to be painful to die 
feelings. When first received, they were sensible to aiiificlal electricity, but laftteriy, 
without having been injured, they lost all susceptibility. I never could make a record 
of their indications. Even had they l)een available, the want of a scale rendered it im- 
possible to give any positive idea of the extent of the electric state of the atmosphere 
at any time. A s<»le, in case it did not measure definite quantities, would nevnrtlie- 
Icsa be highly useful to ^tetemune the dectridtyof any partienlar period relativdy to 
that of any other period. 

In placing the instruments for measuring the prei^sure ami heat of the atrnv^phere, 
I was particularly careful to secure them from the operation of causes capable of 
producing partial and unsatisftctory resnltB. lli^.were always in the shade, and 
always guarded from direct or reflected heal, but with a foeeadmisaioa of the external 
dr. Annually, from October until May indnaiv^ they stood, for the moat part. 
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just M'itbin the inner doors of a field officers tent, having a third canopy or extra fljr 
to it; and dnrinjgr the hot moaithB comroonly pitdied under the «hade of lofty trttt. 
For the remaining, or inonsoon months of the year, the inatromantt i^ere kept in a 
room at Hay Cottage, Poona, throu^^h which there was a constant draft of tur by two 
windows oppof?ite to each other in the line east and west. In using the hygrometers, 
they were always tai<en to tlie door of the tent or to an open window. Whether in 
determinhig ordinary preamre, atmoipberic tides, lempentore^ moistnN^ or hdghte, 
by the barometer or boiling-water praeeai^ I have invariably deemed it neeeenury to 
guard my observations from error by the empkqfmoit of instmrnents in pairs. I have 
been thus minute in the description of my instruments and my manner of using 
them, not less to supply the means for a just estimate of the value of my meteorolo- 
gical observations, than to enable meteorologbts wiua may tread in my steps to benefit 
by my eqmrience and diaasteri. 

The barometrical means have been reduced to 33° Fahh. by Professor ScBtmAcnna** 
table*!, with corrections for the expansion of the brass scale ; and the monfhly means 
for 1830 were obtained by the ingenious process recommended by Professor Forbes. 

In regard to the following barometncai observations, I must premise, that my 
three best barometers* although precbely of the tame constrnction and piaeed nnder 
precisely similar circnmstances, would occasionally differ slightly from each other, 
not only in the ammmt of tlie os^cillutions, bnt in the period at which the several tides 
turned : and this fact of some importance to iliose who may be disposed to rely 
too confidently upon the indications of a single instrument. 

My erratic life necessarily disaldcd me fipom deterninitig the mean absdnte hei^t 
of the iiarometer at any one place for a period exceedfaig five or tSx. coniemtlve 
months, excepting for the year 1880. I cannot, therefore, state the annual range of 
the barometer for several years successively ; but repeated returns to Poona in vari- 
ous months of the year would have supplied the materials for tolerably just estimates, 
even had I not one entire yearns oluenmtions made at Fbona. The monthly range is 
recorded for many oompl^ months, and the Hvmal range for six years with few 
omissioaa ; bnt I propose to confine my deductions to my observations for the last 
foitr tfears, as the instruments I had in use at first (Jonbb's) did not admit of a 
delicate adjustment of the lower level of the mercury. 

The great features in the barometrical indications are the diurnal and nocturnal 
tides, embracing two nuudroa and two minima in the twenty-four liours ; the fonner 
occurring mtb occasional aceeptions between 9 and 10 ajh. and 10 and 1 1 p.ii^ and 
the latter between 4 and 5 p.m. and 4 and 5 a.m. The same hours ot)tain at Calcutta 
and Madras at tlie level of the sea; at Kofglierry on tlie Neelglierry mountains at 
6407 feet; in South America at 12,000 feet; and in l.<Midon and Edinburgh, and 
other places in Europe where careful observations liave been made. Hitherto little 
has been Icnown reqiecting the nocturnal atmospheric tides, but the existence of the 
diurnal tides is now estabUshed beyond doubt in most parts of the world. Hum- 
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BOLDT, on the authority of IIorsbukoh, has been led into the expt-ession of u belief 
tliat th^ are madced or mpMided on the weatem eoaat of India during the pre- 
valence of tbe Bonth-weat monsoon. I am, however, enabled to state that this Is 
quite unfoxinded with respect to Dukhun, as they were never interrupted, even for a 
single day, durincr '^ix nionsoons ; and the same fact was obsened at Kotgherry on 
the Neelgherry uiuuntains at 040/ feet above the sea during part of the monsoon of 
18S8. Of their oecnrrenee on the coatl I am also enabled to offer some evidence 
fhmi ragistenkept at the Engineer Institntion in Bombay, and regolaily transmitted 
to ine ; but the hours selected for observation, 9 noon and 3 p.m., were not exactly 
adapted to fix the fill! amount of the tide; but on the who)*' the faet of their oc- 
currence during the monsoon of 1829 in Bondiay i.s undeniable ; and they were 
similarly remarked at Calcutta in 1822 by General IIardwicke, and by Mr. Prin&kp 
in 1839, 1830, and 1831. This fact will relieve Humboldt from some <^ bis diffl- 
colties in his reasoning on the tides. 

With respect to the tides in general, I have to state tliat iu in.iny thousaiid obser- 
vations made by myself there was not a solitary instance in which the barometer 
was not higher at 9 — 10 A.M. tttun at sunrise^ lower at 4 — 5 p.m. than at 9 — 10 a.m., 
tdkolieMr the mdicaHon iif the thermometer or ^grometer magJ^ he i nor was there 
a solitary instance in the year 1830 in which the niaximnm fiig&/ tidewaa not higher 
than the 4 — 5 o'clock day tide, although it rarely, if ever, rose so high as the 9 — 10 
A.M. day tide. The nocturnal minimum tide occurring at 4 — 5 a.m., from three to 
four hours after iny usual time of retiring to rest, my observations of it were very 
limited in namberi nevertfadess the accompanying Tables will fbmish some direct, 
and ample indirect, testimony of its existence, sinoe the het of the rapid, constant, 
and conridernblc rise of tlie barometer from sunrise until 9 — 10 a.m. justifies the 
Infierence that tliere mint have been a considerable previoas fall to have admitted of 
soch rise: the commencement of such £all was necessarily ot)served by me in my 
labours during 1880 to determine the limit hoars of llw tides, as I wn obliged to 
continue obsenrtng in each case nntil the tide had turned. Moreover, at different pe- 
riods I devoted forty-nine nights to the investigation of the minimum a.m. tide. 
Dr. VV'alkkr at MahabuleshHTir, at i.'.oo feet above the sea, bestowed eight months' 
labour upon the tides ; and Mr. Dal.mahu¥, on the Neelgherry mountains, was simi- 
larly employed for four or five months. Humboldt in his narrative mentions the 
determinatimi of the extent of the diurnal- oscillations, the duration of the stationary 
state of the barometer at its marima and minima, and the exact periods at which it 
becomes stationary' and is in action again, as denderata.. 1 shall take these subjects 
in order as I proceed. 

The extreme oscillation of the barometer in the same day never amounted to two 
tenths of an bush, in Act to *1850, with a difference of the attached thermometer 
during this range of 4-7*^ and the hygrometer 16* from the point of saturation. 
Wuid light and variable. This took pbioe on the 19th of April 1880. There were 
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gnat nuMses of douds* and diitanl tirander and lightning ; a ttonn tbreatened, but 
did not take place. The same appearances eontinued daily until the Slit, on winch 

day there was a ludl atorm, whilst the thermometer stood at 86*^-3. On the 23rd 
there was another hall storm and thunder : this weutlier continued to the end of the 
month, and the daily oecillations were so great as to make the mean exceed that of 
any other month in tb» year. Hm then eoold be JItUe doubt of the onfllathna 
being affeeted by the state of the weather. Id 1837 the maximum oscillation of *1893» 
(diflbrence of thermometer attached +10°, dewing- point 37'' from saturation, wind 
none,) took place on the 7th of Man h, ,itul the weatlier was free from any of the 
indications before noticed ; but on the 9th of March there was a little lightning 
and some drops of rain. In 1828 the maximum oscillation of -1856, (difference of 
thermopieter attached tf, no wind, and clear sky,) took place on the Sad of 
January. In 1 829 the maximum oscillation was on the 26th of February, and amounted 
only to '1648, ditTereiice of thi-rmometpr +1 1" wind light cast, and clear 8ky. 

In 182/ the miniTinmi osi illation of the year occurri'd on the 7tfi "f August, between 
9 A.M. and 4 P.M., ainouuting to '0160; difference of attached thcniiumeter — 0''8, light 
west wind, sky quite overcast, but no rain, although the dewing-point was only 3* 
from the point of saturation. A nearly simtfair osdUation, '0158, thermometer +5**'S, 
took place <m the 29th of the preceding May, with a violent west wind and clear sky, 
and MO dew-point obtainable at 4 p.m. In 1828 the smallest dinrnal oscillation (if 
t»l55, thermometer +2°"3, took place on the 19th of October during a gentle rain 
and light S.W. wind. In 1830 the smallest osdilationwaa '0381, thermometer 4-0°-9, 
on the 3nd of July, with a parUally clouded dcy and fresh W.S.W. wind, the hygro^ 
meter being 6° from the point of saturation. On the 21st of March the next smallest 
oscillation of the year took place, with a misty f?ky, light west wind, and air very dry. 
In IH.'^O the minimnni of the year wjis also in July, amounting to O.'l'i?, the thermtK 
laeter being half a degree lower at tlie miniumm than at the maximum hour ; sky 
overcast, no rain, wind light weetj hygrometer 8^ from the point of satnnition. On 
the 20th of March there is also a small oscillation of -0493, thermometer +9^9, sky 
clear, fresh west wind, and hygrometer 29° from the point of saturation. I have been 
partieidar in noticing the state of the weather and the wiudii, «kc., at the periods of 
thei^e extreme oscillations, as Mr. Snow Harris of Plymouth suggests that the atmo- 
spheric tides may be influenced 1^ the force of the wind, whilst others refer them to 
hygrometric causes. 

The mean of the diurnal oscillatian of the barometer in Dukhun from 9 — 10 a.m. 
to 4 — 5 P.M. for 1B27 was 1025, mean range of attached thermotneter between the 
two periods +5 '99. In IH'2S it was 1093, thermometer -fo' ao. In 1829 it was 0991, 
thermometer -f 3°-92. Thesmallness of the range both of barometer and thermometer 
in this year is attributable to three monthil' observations having been taken at an 
elevation of nearly 4000 feet above the sea. In 1830 the barometers were stationary 
for the whole time at Poena, and I look upon these observations as aflbrding the 
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best types of the meteorological phenomena of Dukhun. The fall of the tide from 

9 — 10 A.M. to 4 — 5 P.M. •was -1 166, thermometer +4* 9. Comparing this tide with the 
same tide observed in other places, we find that at Madms, lat. 13' 6', from observations 
taken at the Observatory every tenth day in 1823, the meaa oscillation was '079, 
mean range of attached thermometer At Cakmttat latitude S&, the meani 

of the yean 1^, 1830, and 1831, make the oscillation amount to *110, tberraoineter 
range + 19*'2. At Sabarunpow in Hindoostan, 1000 feet above the sea, latitude Sl^^N., 
by Mr. Rovle's rq;i8ters, the tide was '120, mean range of thermometer +24'*'2. At 
Ava, latitude 21" 51', Major Bitrsey's observations in 1830 make the tide amoant 
to 126, mam diurnal range of thermometer -f lO'^-G. A^eeahly to Mr. Prinsep, at 
Benares, latitude 25' 30', it is 105, range of thermometer attaciied + 10° G. Professor 
FoBBis in Edbbnrgh found the oscilhition to be '0114, mean range of thermometer 
attached for three years —0^57. And Mr. Hvdson, at the Royal Socie^ in London 
in 1831, determined the oscillation to be -0289, therm. 4-l°73. 

Ik MB0T.DT and BoNPLAND in equatorial Am eriea, at Cumana, La Guayra, Payta, 
Lima, and Rio Janeiro, found the mean extent of the oscillation at most from *094.^ 
to * 1 1 81 *. At Lima, latitude 12° 26', it was a little less ( 0669 to 0905 f ) than nearer 
to the equator, where it was from '1088 to *1291 %• BousamoAuur and Ritbro in 
1823-4, at Santa V6 de Bogota (latitude 4* 35' N.)> height 8198 feet, found it to be 
-0905, approaching my mean for 1829. At La Ginyva (latitude 10° 36' N.), at the 
level of the sea, it was '0960 ; but as the preceding obsen ations in America, with the 
exception of those at Bogota, were for a few days only, tliey are valueless as indi- 
cative of the mean diurnal oscillations, much less the monthly and annual means. 
The extent of the diurnal oscillation from 9 am. until 4 p.m. on the table land of 
Bogota was from '0848 to '1433^ In Dukhun hi 1837 it was from *0150 to '189S : 
in 18S8 from 'OISS to •18&6; in 1839 from •0381 to '1648; and in 1880 from 'OSS? 
to '1950. The mean the monthly variations at Bogota are from 0580 to -106211. 
Mine for 1827 were from -0180 in July to -1616 in December: in 1828 from 0471 in 
July to -1505 in February; in 1829 from -0654 in July to 1358 in January ; and in 
1830 from -0750 in July to -1430 in April. Considering that my observations were 
made on a level more than 8000 feet lower than that of Messrs* BovsemoAtiKr and 
Rivnno, the abcnre data exhibit curious approadnmtions, and prove tliat diurnal varia- 
tions in the pressure of the atmosphere at great diflerences of level may have oonti- 
derable uniformity. But to this we find an inniiediate exception, for Dr. W.\lker at 
Mababuieshwur, at 4500 feet above the sea, and a few miles south of the latitude of 
Poona, found the mean fall for ten months, from 9 — 10 a.m. to 4 — 5 p.m., to be -0694, 
difference of thermometer attached +2°-61, which is infinitely less than M. Bovssra- 
GAVU^s mean at 8000 ftet. 

The monthly means of the diurnal osdllations in consecutive yean, although not 
uniform, have marked appraadnrntionB. The five monsoon montiM in each year ex- 
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hibit comparatively a low range, in fact the month of July has the lowest mean di 
urual usciUation in each ycoi-; and it may be broadly stated^ that with two or three 
ocoeptions the montlily mom diurnal owiUatioa increases firom Jnly to December w 
January, and decreases from fhese months to July. How far the monthly mean oscil- 
lations of the barometer and the monthly mean range of the thermometer coincide, 
will be seen by the following^ Table. The monthly mean tenipenitiire and themonthly 
mean diurnal oscillations of the barometer have little coincidence. 



Mean range of the Thermometer attached to Englkfifi.m's Harometer lietween son^ 
rise and 4 — 5 pm. at Poona and Mababuleshwur. 





Foom. 


1827. I8S3(^ 


Poopa. 


PrJOiuL IS99. 


MihMalnrar. Ittm. 




and between lit. iTiS^ 


tod btto 


men IaL 












ami 


19° »7' N. 


«nd 19° 1 1' I 




Kid ist^iS' N. 








Barom. 


ThaniiiBMter. 


Hirnm. 




Barom. 






Banen. 








Monthly 




Mnge. 


Mantbljr 
















•Mt»> 




raeuoac. 






mean OK. 












mwm nir. 






January . . 


•1134 


14 


4 


•1483 


25 


] 


•1358 


SO 


SI 


•0736 


8 


75 


Febnury. . 


•1£57 


S3 


1 


•1505 


27 




•1083 


SI 


S8 


■06€6 


IS 


40 


March 


•1248 


21 


6 


•1123 


♦17 


68 


•1024 


tia 


8S 


•0887 


9 


09 


April .... 


•OH36 


»10 


1 


•1334 


17 


89 


•0981 


tl4 


61 


•08SS 


7 


84 


Mny ■ • « ■ 


•0624 


13 


1 


•0836 


)9 


82 


•0903 


tl2 


96 


•0737 


4 


89 


June .... 


•0902 


6 


35 


•1007 


7 


34 


•0734 


4 


29 


•0528 




80 


July 


•0489 


4 


36 


•0471 


3 


6 


•0654 


3 


26 


•0556 




85 


Augiut . . 


•0600 


4 


33 


•0706 


3 


88 


•0866 


3 


87 


•0503 




64 


September 


•0813 


6 


47 


•0910 


5 


38 


•0772 


6 


18 








October . . 


•1147 


7 


21 


•1106 


5 


58 


•1116 


9 


67 








November 


■1444 


21 


4 


•1«77 


e 


6 


■1067 


11 


23 


•0801 


4 


68 


December 


•I6l6 


26 


7 


•1141 


•16 


28 


•1338 


:i4 


46 


•0738 




70 



In 1827 the greatest monthly mean diurnal oscillation and the maximum mean range 
of attached thermometer were coincident in December ; but the next greatest mean 
oscillation was in November^ whilst the greatest mean range iu February. No- 
yember and Mardi have neuly the same mean thennoinetiio range, but ^Sfer 0*1116 
in mean barometric oidllation. In 1828 the greatest mean oscUlatioa and range of 
diermometer are coincident in February. January accords in a similar manner; 
but May is quite anomalous, bavin sr a mean barometric oscillation of the monsoon 
month of September, range of theriuoiueter +5'''88, whilst its own range is H-19°"8a. 
In 19M dm movements of the barometer and thasnom^r are not coincMcntt the 
maximum of the finrmer hdtag in January, that of the latter in Febmary. In Becm- 
her we find the oscillation of the barometer nearly identical with that of Januaiy 
preceding, whilst the mean range of the thermometer is nearly seven degrees less. 
At Mahabuleshwur the monthly mean maximum oscillation of the barometer is in 
April, whilst the maximum mean range of tlie thermometer is in February, and 
nearly douliles the range of April. 

* Thia obwnntkia tat tboee mootlM with the * were taken in Bombay, with the t at Humecfamduigbar, 
tod t ft GiMMiUce. 
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Of the rite of the buoineter from ranrtee to 9—10 am. I ihall ny only a few 
words, as the period embraces bat four nxths i)f the time occupied by the flux of 

the atmospheric tide, and the fi-^nires ia consequence are of little further value than 
as affording presumptive evidence that the rise, without the exception of a single day 
for six years, must have been preceded by a nocturnal ebb. Although the annual 
means, '0473, dUforenoe of thermometer attached +7°'37> for 1837 s '0481, thermome- 
ter •f0^71flerl828s and '0883, thermometer +7^48, for l829,agreetolembly«elli yet 
the monthly means for successive years do not manifest the same accordance ; as in 
the tide just noticed ihe smallest mean oscillation is in tlie monsoon months, and it 
increases until December — January, and then decreases to J unc — July. In 1828, how^- 
ever, Jmie ii a remarkable exception, the ofldUaHon being greater than in any month 
ci year excepting January, and nearly doable that of Jone 1837. Dr. Walks* 
at Mahabuleshwur, at 4500 feet, found the rise from sunrise to 9 — 10 a.h. to be nearly 
identical ( 0470, thermometer -f-4°-J8) with my rise at less than 2000 feet. Mr. Dal- 
MAHOY at Kotagherry, at 6407 feet, found the rise from sunrise to noon to be 0490, 
Aermometer +10^4 ; aad had bis obiervatiolu been taken at the iMNir of the maxi- 
mam dinroal tide (9 — 10 the oadllation would no doabt have eioeeded those 
recorded by Dr. WALKsa and myself at infinitely lower levels. Mi-. Goloingham at 
the Observatory at Madras, a little above the level of the sea, makes this tide amount 
to 0470 ; so that, in fiact, it is less at the level of the sea than at 640/ feet ! 

The nocturnal rising tide from 4 — 5 p.m. to 10 — II vm. I observed with great care 
for ckven montiia continnoasfy in 1830. It amoonted to '0884, thermometer —7^3. 
Hie indications of monsoon influence in this tide are scarcely perceptible. Indeed, 
the sinnl !rsf monthly mean oscillation occurs in December, -0450, thermometer — 6°-3 ; 
and i greatest in May, 1 140, thennometer —9^0. Unlike the preeeding tides, we 
cannot trace a uiuxmium in tiie coldest months, and a minimum m the most rainy. 
Dr. Walur found it to amoimt to *0499, thermomeler —6^68 s the monthly mean 
maTimoni csdllation, *0689, thermometer — 3"'SI, being inNovember, and tlie mlid* 
mum, '0291 , thermometer — 6°'74, in January. Mr. Daimahov, at 6407 feet, found it to 
be '0430, the minimum, '0280, bein^'^ in .Tune, and the maximum, '0560, in April; but 
as be did not determine the exact period ot the time of the tide between 9 — 12 f.m., 
the real extent of the tide is unknown. In my own ohserratioos I watched for the 
turn of the tide. Mr. Goioinoham, at Madras, makes the value of this osdltotion 
■0680| whilst M. Dupbrrkv, at P&yta in America, latittide 6° 5' S., makes it ■1259. 

I now pass to the fourth tide, the fall between 10 — 11 p.m. and 4 — 5 a.m. Here 
the data are defective, as observers have only, for very short intervals of time, en- 
deavoured to foe its limit hours ; and I have no reliance whatever upon occasional 
observatioas as types ot a whole year, or even a month or we^. For mysdf, I am 
not an exoqption, as my observations between 4—4 a.k. are very limited in number. 
TIip niaximtim night tide, I have before stated, was observed by me for eleven 
months, and the a.ii. tide at sunrise for several years. Dr. Walkbr, at Mahabu- 

z 2 
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lesbwnr, otaerved at both these periodi for eight months ; and Mr. DiuiAaoy, at 

Kotagherry, between 9 — 12 p.m. and a little before sunrise, observed for five mnitha. 
On the 30th of November 1828, nr Poona, the a.m. minimum tide turned nt r^O" 
A.M., and the maximum nocturnal tide at tO'' 30°> p.m.} the fall between thciie periods 
being '0150, and the difTerence of attached thenoMHneter —7^6. The other tides of 
this day were a rise of '(M73> thermometer from 4^ 80" a.h. to 9^ 30** a.m. ; 
&11 from 9'* 30"> to 4 p.m. 1330, thermometer +8*4, and a rise of 0908, thermome- 
ter — I r 0, from the last hour to lO"* 30" p.m. Tlie mean of eighteen d;!y« in Sep- 
tember at Poona, in 1827, gave a rise of •0753, thermometer —5°*!, from 4 — j p.m. 
to 10 — 11 P.M., and a full of '0254, thermometer — T S/, from 10 — 11 p.m. to sun- 
riM. The rifle from the latter hour to 0—10 am. wai *085S, thermometer +8°^65, 
and the fell from 9 — 10 a.m. to 4 — 5 p.m. was *0644, thermometer +9^812. For 
twenty-one nights In Oetober the fall from 10 — II p.m. to sunrise was only '0010, 
thermometer — 2° :iy ; the rise trom 4 — 3 p.m. to 10 — 11 p.m. OZ^'j, tlicrmnTTicter 
-^4*76. But for nine nights in November the nocturnal a.m. tide occurred with a 
eot^rary sign, the barometer being '0058 leM, thermometer —10^3, at eanrifle than 
at 10 — 1 1 pji. The maximnm nig^t tide, however, appears with the proper sign, the 
rise hdng '0801, thermometer — 1 V-%b. On the 3rd of November of the following year 
the A.M. minimum tide appears with the proper sij^, the fall being "0040, thermome- 
ter — 4'' 0 ; and the rise from 4 — 5 p.m. to 10 — 1 1 p.m. was 0/14, thermometer 
In the atwve, althongh we find great discrepancies in the fell from 10 — 1 1 p.ii. to 
sunrise, we yet observe great uniformity in the noctamal rise from 4— >& fjs. to 
10—1 1 P .M. with a Mling thermometer. Dr. Walkbb found the mean nocturnal a.m. 
tide for eight months 'o he •«»] sf>, thermometer — l' G8 ; and the rise from 4 — 5 p.m. 
to 10 — 11 P.M. to be 0439, thermometer — 5° 58. Mr. Dalmahov, at Kotagherry, 
from 0 — 12 P.M. to a little before sunrise, for four months, found the mean fall to 
amount to '0433, and tihe rise from sunset to 9 — 13 p.m to be *0430. Itf r. Pnnrsap, 
F.R.S., in a voyage from Calcutta to Bombay, during thirty-two days found the ba- 
rometer fall 0220 from 10 p.m. to sunrise, and rise 04-10 from sunrise to 10 a.m. ; fall 
•102 froiii 10 A.M. to 4 p M., and rise 0800 from the last hour to 10 p.m. Obscr^'a- 
tions taken hourly at the Madras Observatory, every tenth day and uight, make the 
night tide from 10 pm. to 4 am, to amount to *08S, and the 4 am. to 10 a.m. tide to 
be *047 $ the other two tides being reqwctively *070 and -063. The small ness of this 
maximum diurnal tide appears very anomalous, oottsidering that Madras is in a low 
latitude and at the level of the .sea. 

In opposition to the above facts. Dr. Russau., at Boorhanpoor, gives a nocturnal 
niimmum tide with a contrary sign, or a rite instead of t^fiM of '0300, between 10 f.m. 
and 5 aji.; and in observations of Or. Rovia, at Saharunpoor in India, at 1000 
feet above the sea, and of Fray Juan, at Vera Cruz, the nocturnal tide appears 
in the monthly means so often with a /y/</s- instead of a mhms sig'n, that the annual 
uiean estabUshes this tide only by (M)! at £>aiiarunpour, and by 002 at Vera Cru2. 



. J . d by Google 



Aim umoBOhOGT of ddkhvn. 



173 



Mr. HuiMON faowevwr, at the Royal Socie<7, in bia car^ honrfy obterratimui «rea 
in the high latitude of London, found it amount to '0120 $ and I ftel awwed that 
further observations iriH cstabUflh its OTlattmwt at those places rendered doulitAd by 

the data just quoted. 

With respect to tlie exact penutls ot the diurnai fiux and reflux, and the daration 
of tlie qnicacent elate of the atmospheric tides, the sul^eet has been wholly over- 
looked, as fiw as I oan learn, in Wcetem India ; but even had it not escaped atten- 
tion, there have not beea» I believe, ioBtrumenti^ in use sufRciently delicate in their 
construction to read off very smaH quantities. Dr. Walker at Mahnlmle'^hwur, Cap- 
tun Jbrvis in Bombay, at the £ngineer Institution, and uiyseif, are the only persons 
who imire made obeerrations on the tides. For myself, my multitudinous avocations 
deprived me of the neoeasaty leisure ibr some years to enable me to enter systemati- 
cally Into the inquiry. Occasionally, at the admitted limit hours of the diurnal oscil- 
lations of the barometer, I made a few observations; but they \rcre of little further 
value than to show that the maxima and minima, on consecutive days, did not occur 
at the same exact period of time. In 1830, however, with two of Enulefibld's baro- 
meters, which admitted of the adjustment of the lower level of the mercury to the 
lOOOtb of an inch, I made observations every quaiter of an hour, and sometimes every 
five minute?, during' the whole of the year at the limit hours of the diurnal maximum 
and wi////MiM/« A.M. and p M. and maximum p.m. tides. Messi"*?. Walker and Jervib 
had in use GiLBERT b barometers, and did not observe for the exact limit hours. 

Messrs. BooasmoAuur and Rmtao, in addressing HnimowT from South America, 
state that their kbours had verified the hxX established by Humouyr, that the mer- 
cury between the tropics attains its maximum between 8 and 10 a.m., then descends 
till near 4 p.m., and i« at the minimum between 3 and 5 p.m. : then it ascends till 1 1 
at night, without reaching however the same height at which it was at 9 in the morn- 
ing, and finally re-desoends till 4 in the morning. It will he seen how doedy these 
limit hours bold good in Dukhnn as well as in America ; and Mr. HiwaoN has de- 
termined that they hold good in Tx)ndon : but I have on record instances of the 
barometer rising until 10'' 45"" am., falling until 6 p.m., and rising until 12 at night ; 
but the instances are rare : and ev en the tremendous storms preceding and closing 
the monsoons b India only modify and do not interrupt the tides*. Huubolot ob- 
serves, that in Macao, In 1814, there were frequent tmpestt, and twenty-she stormy 
days, and yet tliere was not a single instance of the tides being interverted. He says 
alM>, that in reviewing the whole of his observations made at diflerent heights, an4 

* HgtwriKtof qpfwir tube independent of thow of temp e wlM e md fte ■aaont. If Che anitayf trw 

detcending from 3" till 4\ or rising fiDgn4^ tU H". a nolent ■laiB« an eartLquake, ahowen, and the most 
ifflpetucm windf, Trould not ■Iter itt awn ■mil, which nothing upfim to detenoiue hot the nal time or the 
poaitMO of Hms wm4 — livuwun, Ptnooal tVamttve, vol. H. pert ii. p. 701. 

Hvmouir Antfaer remarks that the hurricanea (in the Weat Indiea) are not in general MaoiBpeBied hf Mdi 
— eKUeariiaaty liwmiiig ol theheroaetere>i»fai» gi n « 4 ia Bmope. Oqptun Doo Xboiim as Umbic. on 
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in latitudes more or less near the equator, it seemed to him that tbe extent of the 
variations dindnisbed very little with the cievation of tbe tpoL Mr. Gouwaoon re> 
marks, that in the interior of India the periodicity of the tides is maniiest, and indg- 

pendcnt of the variations of the temperature and the seasons of the year. My obser- 
vations, on tbe whole, tend to streo^ben the opinions of Messrs. Humboldt and 

COLEBROOKB. 

I found tiw «latiMMiy ftnod of tbe tides to vary from irf/ to one boor and a halll 
Vl^th reqpeet to tiie ouudniam dinmal tide, it appears by the accompanying Table 

that it never turned before 9 a.m. or after 10'' 20™ a.m. dming the whole of 
the year 1830; the seasons therefore were inoperative; and this is confirmatory of 
Mr. Gou>ingham'8 observations at Madras in 1823, aUhough no great reliance can 
be placed upon them, from their having been made mhf every tenth day : confirmatory 
also of HUaaok Vwim^n observatioiiB made for yma atTonkfuse. I found tbe maxU 
tnum diurnal tide (indeed all the tides) to oscillate in its time of turning, and in its 
stationary poi iod between the Iiours stated, without relation to any changt? in the 
attached thenuoiueter. On the 6th of February the tide turned before id a.m. ; on 
the Uth it turned at 10^ 20" ; on the 1 1th of March at 15*> » on the Iflth not be* 
fore 10 AM.i April 11th at gi> 30«$ April 17th at 9^ 45»$ <in the 14th of Jane it 
turned at 9 o'clodc ; on the 10th of June at 10 o'cloclc ; and similar anomalies occur 

in the following' month?; Thi^ stafinnnnt pen'odi of the maximum A.M tide I'ange 
from 0 to 46 minutes, and the i'able shows several instances of the latter. The fall 
of the barometer in equal periods of time after the turn of the tide presents irregu- 
larities. On the llthof March tbe foil was '010 in SO nunutes: on tiie 11th of April 
^ in 30 minutes it was only '001 . 

Tlie afternoon tide has the same irreg^ularities as the preceding. It never ttimed 
before 1 P.M., and in a few instances only after 5 p.m. On the 5th of February the 
tide turned at 4 p.m. ; on the 8th at 4^ ^O*" ; on the 20th of August at 5 p.m. ; on tbe 
4tb of October at 4 p.it., &c 

Tbe stationary period was from 0 to 45 minntes; but <^ the latter there Is imly one 
instance in the Table, although there may be more in the regi.sters, as the extracts 
were taken at random. On the 9th of February' there is a curious instance of tlie tide 
turning at 4*' IS*" p.m. ; thejQ rising 004 to 4^ 30% continuing stationary until 5 p.m., 
and tlien remmn^ its rise. As ia tbe morning tide, the movements of the barometer 
were not equal in equal times. On the &th of February the tide rose only 'OOa in 

baaidilipiiitlittMriUelMiilem of fha S7th lod SSth of Aiqut 17S4, Iband dM te flolutt «l aMnnry 

fell only 4448 {n""-3).— Penonal Narrative, vol. vi. part n. page 794. 

I UB eoabled to strengthen tlua uaeztioD by the fallowing extract firom tbe kg-book of the Doke of Bucckucb, 
Oi|ilHn IiMin«», ten Otbntteto LoodoB, ia 
off the Ule of France : — 

" 2lBt. Lat. 24° 31'. Long. 61° 49'. Bar. max. S0<' 00. Bar. nun. 29°-60. Temp. 80^'*. 
98d4. Ufe. SS» as*. Long, it* 9af. Bw. ma. W>-7S. Bv. Bin. M^M. l^V. 81"." 
The iifaolB &1L lliHirfiDi*. atnooBMi to n» mon tbiD incik nd w 
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ninety minutes ; on the 6th it rose -008 in seventy-five minutes ; and on the Bth it 
rose '005 in fifteen minutes ; and on the 1 Itb of April *001 only in forty-five minutes. 

Ill the nuudmam $toeHmml tide (10—1 1 v.m.) there wm twSf any dilTerenoe in the 
tbennoineter during the oscillations of the mercury t nevertheleH the turn of the tide 
ranged from 9^ SO™ to 11'' 30™, and in two remarkable instances even beyond these 
hours. On the 12th of October it tiirned at 9 p.m., and on theOtli of June at 12 p.m.; 
both of these anomulies may have been produced by the state of the weather, there 
havfaig been a hwvy thunder itonn from 7** to 8^ 30" on the 9tii of Jane, and eevenl 
tbimder storms rotmd ika horizon on the i 2th of Oddber, although not immediately 
at Poona. The stationary period ranged from 0 to 60 minutes, but of the latter tliere 
i.s only one instance in the Table. As in tlie preceriine tides, the tnovenient of the 
mercury in equal periods of time manifeisttid uceatiionai irregularities, although the 
thermometer remained ataUoiiary» or nearly so. On the 6th of Fdmnuy the night 
fidi was -008 in 15 minutes, and on the 8th it waa only -OOi in 1ft ininvles } in neither 
instance wiis there any movement of the thermometer, whilst on the 10th of June, 
between 10'' 45«» and 11 p.m., the barometric Mi amounted to 010. From the above 
foots, and they could be infinitely multiplied, it is clear there is not any ^jositive uni- 
formity in the oadllatloiia of the mercurial eiAmon, nor in the dnratleii ti tihe aca^ 
tionary periods ; nevertlielcsa as the irregoiarities are bounded by comparatively 
narrow limits, the movements may be considered subject to a general law, the 
rationale of which remains to be explained. 

Experimeats have determined that the diurnal atmospheric tides (the nocturnal 
tides have been less attended to) extend from the equator to high parallels of lati- 
tude but that the oscillation deereaass as the latitude increasea. It is further pre> 
samed that the oscillation gradually dirainishca in ascending from the level of tlie sea 
to great heights. Pi nfcs.sor Jambs Forbbs of Edinburgh ha.s laid do\^Ti an assumed 
ctjrv'e, in which the diurnal (^illation amounts to -1190 at the equator, nnd n'd at 
latitude 64'' 8 N. ; and beyond that latitude the tide occurs with a contrary sign, 
the maximum hour becoming the ndnlmnm. Mora extended and cardhl ohoarvntimis 
in different parts of the earth will prolialdy confirm the empirical law sought to he 
established })y Professor Forbbs, but our present meteorological data offer many ex- 
ceptions to it. In the valuable table given by Professor Fopbrs in his paper*, there 
are exceptions to his iuwiu the observations of RussBLLatBoorhanpoor, and Phinsbp 
at fi«unes, each for three yearn. The mean diumal oscilhition, agreeably to the 
former. In latitude 34** 4', being less (*0877)» mean temperature 7&"4, than that at 
Benares ("lOSg), mean temperature 78"-8, in latitude 26^80'. Mr. Goldingham in 
1823, at the Madras Observatory, latitude 13" 5', obse^^^ng every tenth day, found 
the diurnal oscillation amount only to -0/90, mean temperature 81° 69. At Ava in 
the Birman empire, latitude SI" 61', agreeably to M^or Burnby, the oscillation 
amounted to *1880, mean temperature 78^38, being gnatsr tiian in any other series 
• ItaMctioiu of tiw Ri^ 8ocb^ of Bdbliu^ wd. xB. Itat I. p. 170. 
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of observations made in India, My own obMrvatloika are also exceptions to the law. 
In latitude 18* 30', at 1823 feet, with a mean temperature of 78°, the mean dluraal 
oscillation for one year, at the limit hour of the tide, was "1 166, whilst in Calcutta, 
latitude 22"" 33', mean temperature 78° 13, the mean of three years' oscillations (1829, 
1830, and 1831,) give only *1100 i and as the obwrver was Mr. Prinsbf, hi* name 
is a guarantee for hie accuracy. 

But the exceptions arc not confined to tlie tropics, for \vc find that the mean of 
five years' observations at MarseilU's, hititude 43" 16', mean temperature 60°'8, gives 
a less oscillation ( 0326*) at a few tuises above the sea than at Berne, latitude 46"' 67', 
mean temperaitiire 53°^8, at 589 toisee abore the sea, where the mean of ten yean* 
obsenrationa gives an oscillation of *0354't'. Here, therefore, the oscinatlon tmqiies- 
tionably should have been less, because the latitude is higher, the temperature lower, 
and the height above the "^ea prcatrr But these discrepancies may be attributed to 
the observations not having been taken at the exact limit iiuurs ot the tides, and do 
not therdbre fpm the tme oecOIationi nor will salisfoetory light be thrown upon 
the hrr^golaritiea of the tides nntil hoorly observations are made for lengthened pe- 
riods in various parts of the earth. 

On tlie subject of decrement in oscillation, consequent on elevation aljove the sea, 
1 have collected such data as were available, and have thrown them into the form of 
a table. Hvmbou>t found that at the Caraccas, at 936 toises above the sea, the 
oscillation was greater ('1063$, mean temperature 69^8,) than at Cumana at 10 toisee 
above the sea, where it was -1004, mean temperature 78°-8. My own careful obser- 
vations at Poona furnish a similar anomaly. At 1 823 feet above the sea the mean 
oscillation for a year was greater (1166) than ut Bombay, where for nine months the 
mean was 0765 at the Engineer Institution ; and in my occasional visits 1 found it 
respectively 1)886 in April 1897, '1188 in March 1688, and '1141 in December 1888. 
At Madras, in a lower latitude than Poena, at the level of the sea, I have shown it 
to be only '0790 ; wliilst at Calcutta, iu a hlt,')ier latitude tlian Poona, the means of 
tliree years make it 1100, Proceeding to higher levels, however, we find a marked 
duiuuutiun in the extent of the diurnal tide. At Mahabuleshwur, at 4S00 feet, the 
means of eight months reduce the osdllation to -WHi at Hurreechundurgbur, at 
3900 feet, the osdllation for the three hottest months was *0068; whilst at Kota- 
gherr}', at 6407 feet, it v.-a-; for five months from vom to sumet only -0498. The oscil- 
lation at Mahabuleshwur, at 4500 feet, was in foct lesi than Humboli>t's oscillation 
at Mexico of 0/08 at nearly 7000 feet. 

When we pass to the othor tides we find the same punling anomalies. Tliemean 
rise from sunrise to 9^10 A.M., whether at Hurreechnndurghur, at Mahabuleshwur, 
or Kotagherry, instead of being less than at Poona, is in feet greater. The mean of 
three years on the level of Poona gives '0446, whilst the first place gives -0488, the 
second place '0476, and the last 0490. The maximum night tide, on the contrary, 
• (^-83. t ©•■•SO. } a^^-yo. 
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it iofiikitely greater at Poraia titan at Mahalwitohwiir or Kotagberry (it was not de* 
termined at HurreechmMlurghur), being *0684 at Poooa, *0489 at Kbbabuleshwiuv 

and 0130 at Kotagherr}'. Tha fourth or mbaMum nocturnal tide occurring in tha 
dead of niglit has been rartly observed at the eiaot a.m. limit hour; but the obser- 
vations have been taken at sunrise, which is from one and a half to two hours after 
the turn of the tide. I have previously shown that at different times I found this 
tide to amount to — >0150, — '0S64, -*0010, and +*00&8, and —'0040; taking the 
mean of these, after deducting the plus sign, we have '0134 as an approximation to 
the amount of tlie oscillation in this fide; and tliis correcteil for a presumed proj)or- 
tional increase from 4 a.m. to siuii ise, would make its value 0181. During eight 
months at Mahabuieshwur Dr. VValkbr found the mean fall from 10 — 11 f.m. to 
•unrtae to be '0190, thermometer <- 1*^68 ; corrected to 4 am. it would be about 
Mr. Daimahov at Kotagfaerry, at 6407 Act, found the fell from 9 — IS pjl to a little 
befiire sunrise, amount to '0350 ; and as it is probable he took his observations as often 
after the tide had turned at 10—11 p.m. as he tooli fliem after the limit hoiii-s nf the 
4 — 5 A.M. tide, the errors may be considered as coiupi^uiiating each other, and the 
oscillation may be left nnoorreeted. 

Mr. PaiMSBp, in a voyage of thirty two days from CUentta to Bombay, found the 
All of the barometer from 10 p.m. to sunrise, amount to 022, which corrected to 4 am, 
would bp about 0293. Correcting the rise of the tide from snnHsf^ to 9 — 10 k m. 
in the same rou^h way, the following will be the amount of the mean oscillation 
of the barometer in the different tides. 
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JloeUtnt»i/aUing 
minimum tide 
from 10 — 11 r.M. 

to 4— 5 A.H. 


Diurnal riamg 
tide from 

4 — 5 to 

9—10 A M. 


1 

niurnal n-nt. i Nocturul nui- 
imumya/Zmf tide imam ruing tide 

from 9- 10 a.m. from 4 — 5t.il, 
to 4 — 5 r.M. to K> — 1 1 r.M. 


-•0293 


+•058; 


— 1080 


+ -OJiOO 


-•0669 


+•0629 


-•1417 


+ -1259* 


- 0350 


+ •0470 


—0790 


+ •0630 


— 'Oiee 


+•0185 


-•0«»9 


+ 0272 


—•0181 


+ •0445 


-•1166 


+•0884 


—•0240 


+ -0C36 


-•0694 


+•0439 


- 0433 


+ •0490 


—0498 


+-ft430 



The observations of Dupbrrbv, Goij>imoiiam, and Hudson were made during the 
limit hours of the several tides, and hare not in consequence any correction appUed 
by myself. PkiiissF*s, Dr. WAuna*s and my own observations are corrected lirom 
sunrite back to 4 am. $ but tbe other tides are as th^ were observed. Mr, Daum^ 
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Bov'a hoara of obserratioii* htm been previoiislf noticed. M. Domniv** obwrva- 
tioaB were made every fifteen minutes, but continued only for two dnyt t ond it ii 

I'emai'kable, although the fit-st daygnve a diurnal maximum falling tide of '1417* the 
next day giive only 0984 : ,uiy deductions, therefore, from observations for ftfim-f pp. 
riotbt of time even iu the tropics must be fallacious. The above data unquestionably 
prove llie existence of mehtnud tides, of which doabti eust^ or did exit^ in Eorope ; 
allhoogh HuMBOun* aaye they were observed in Dutdb Guiana as fiir bacilc as 173S 
by a naturalist whose name is unknown. 

Unhappily, durin^^ 1830, whilst observing the exact time of the turn of three tides, 
I was BO harassed by public duties, that 1 omitted to record the barometer at sun- 
rise, and therefore want the data to assist in detcnniiung for any lengthened conti* 
noons period the amount of tlie tide between 10 — 1 1 p.h. and 4 — 6 a Ji. or sunrise. 
But as there is a remaricable accordance in the absolute height of the barometer at 
Poona during the monsoons of 1829 and 1830, if I were to adopt the meim height of 
the barometer at sunrise in 1829 for 1830, and then deduct this nmouiii from the 
mean height at 10 — 1 1 p.m. in 18^0, we shall have 0332 as the value of the oscilla- 
tions, which, corrected to 4 am,, will give '0449 as the valne of the foiling tide between 
10—11 P.M. and 4^ Ajtf.; and this amount I have little doubt would be infinitely 
nearer the truth than my forty or fifty nights* observations taken at different periods. 

From the above short table it will appear that in my observations for four years, 
the maximum oscillation was between 9 — 10 a.m. and 4 — 6 p.m. ; the next greatest 
was that between 4—4 vm, and 10~ll pji., amonnting to a little moie than 76| 
per cent of the preceding foil : then follows the rising tide between 4^ a.k. and 
9 — 10 A.M., amounting to nearly 40 per cent, of the diurnal tide ; and finally comes 
the falling tide between 10 — 11 p.m. and 4 — 5 a.m., which by the few direet ohscrva- 
tioBS 1 made would not be more than per cent, of the great tide, but which by 
the praeess above noticed, I suppose would be about 88 per cent ; and this would 
accord tolersbly well with Mr. PamsBP*s proportion, which is nearly S8| per cent. 
I shall not remark upon the discrepancies between the ratio thus eliminated, and tliat 
deducible from the obsfrvntions of the other gentlemen quoted in the Table. One fact, 
however, appears establiiihed by all the observers, that the greatest oscillation is du- 
ring the day, the least during the night ; the second greatest from 4 — 5 to 1 0 — 1 1 p.m^ 
and the second least foom 4 — 5 to 0— 10 am. i and that all the irr^larities occur 
within comparatively narrow limit hours. 

My barometrieal observations were taken on various levels, excepting for the yearly 
residenee of five or six months at Poona during the monsoon, and for the entire year 
1830: the statements of the absolute height of the barometer and the annual and 
monthly changes of pressure *ii the atmosiriiere will tlierefore be comparatively limited ; 
and it vcmg be as well to confine my remarks almost entirely to the year 1830. The 
maximum height of the barometer, and the mean monthly mssdmum in that year, 
both occurred in January, the former being 28*342 inches, thermometer 7S°'0, and the 
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latter 28'087 inrhp«, tliermometcr 7^°'4. The minimam height in the year and the 
mean monthly iinimuum, in like manner, both occur in the same month, Jnly, the 
former being 27-57O incbes^ thermometer 75% and the latter 27 7^0, thermometer 
76^05. The annual range of the harometer, therefor^ amounted only to *6790 s 
and the diftrence of the therinoineter at the extreme periods was 1^4 ; the greatest 
nMNithly range, *9710, was in November ; the difference of the attached thermometer 
at the extreme periods was 10° 2 ; the smallest monthly ranj^c of ■•2170 was in Au- 
gust; the difference of the attached thermometer at the extreme j>eriods being O'^'o. 
In 1827 the barometer ranged during six months whilst I was stationary, only '5103. 
In aeran oMmtba in IB3B it was *60&6, and for aerea montlu in IBS^ it was *4867i 
and in no instance did a range of dght tenths of an inch come under my observa> 
tion, even in comparing the maximum of one year with tlie minimum of another. 
Whilst in England, at Edmonton and Cheltenham, in 1827i the extreme range of the 
barometer was respectively 1"88 inch and 1-75 inch. In 1828, at Edmonton, Chel- 
tenham, and Weycomb, the range was 1-44 inch, 141 inch, and 1 61 inch i-espectively. 
An inspection of my tubles will show that in four years, in the five monsoon months, 
from the maximum height 38*1848 inches, thermometer 76^4 in Oeto1>er 1827* to the 
nunimnm height of 27*^70, tliermometer 75^ in July 1830, the range amounted only 
to '5643, difference of tbermometer attached 1'''4. In looking over Mr. Gk^LDiNOHAM's 
tables for twenty-one years at Madras, tlie greatest annual range (with a solitary ex- 
ception of MiU) inch in a terrific hurricane in May 1820,) amonnted to -9640 in 1818, 
and the greatest monthly range was in October of the same year 7^40 ; the smallest 
annual range was '4620 in 1814 : in £Eu:t, the annual range very rarely exceeded 
dx tenths of an inch. 

I found the mean monthly pressure of the atmosphere at its maximum in the 
coldest months, Decemhet and January ; it gradually diminished until July or Au- 
gust, the most damp months : and ffradnally increased ner^un until the cold months. 
Mr. Goloinoh.mm's means of twenty-one years fj:ive nearly the same results ; the maxi- 
mum pi'e&sure 30-085 inches, thermometer 75^' 168, being in December or January; 

it then dinuidahes until May, Jnn^ and July, the mean height of the barometer, 
29*860, thermometer 86^007, iMing nearly the same in those months. But it is to 

be remarlced, that two <^ these months, which atPoona are the most damp, at Madras 
are the hottest of the year: the minimum pressure, therefore, was as in<lependent of 
moisture at Madras, as it was independent of extreme heat at Poona. From July the 
pressure gradually increases as at Poona, until December or January. Three years' 
observations at Calcutta indicate the same alternations. The barometer is highest in 
January, 801)826 inches, and lowest in June, 29*6166 inches. At the Havannah the 
mean of three years gives a maxinnmi pressom in Jannary and a n^mum in Sqi- 
tember. Opposed to these indications of uniformity ci atmospheric action over a 
wide range of latitude and longitude, M. liot'ssiNCAULT found the maximum height 
of the barometer at ii(^otaforone year g^t eatest in June and July, and least in Decem- 
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Iwr tnd January The means of four yeara^ olMwrntkMU, tvm 18S7 to 1830 indn- 
Avtt made by Mr. Hudson at the Royal Society, give two maxima and two numroa 

in the year, the fonner occurring in February and October, and the latter in April 
and September. Professor Forbes's observations in the same years at Edinburgh give 
a mean maxiniuin iu the winter mouths, Deceinber, January, and February, of 29*442 
inches, and a mean minimnm in spring, March, April, and May, of 29 0359 inches. 

The annnal mean helgbt of the barometer at Poooa was VfVSM inches; at Mt,- 
dras for twenty-one years it was 29'958 inches ; at Calcutta the means of three years 
make it 29*764 ; M.Ahago, at Paris, by nine yeare' observation^, reduced to the level 
of the sea. makes the mean height 29*9546 incttes, almost identical with the mean 
height ut Mudrat^. 

The climate of Dnlthnn is subject to very omusdeiable variations of temperature, 
more, however, in the diurnal than in the monthly or annoal ranges; indeed, less so in 

the last particular than in Europe. In 1827, the extreme range of the thermometer 
at Edmonton was 75° Fahr. (83' highest, if lowest) ; at Cheltenham it was 64°*6 
(80°-5 highest, 16° lowest) ; in 1828 at Edmonton it was 61" (83" highest, 22= lowest). 
These extremes are even esoeeded on the continent of Europe In St, Feterdbnr;^ 
the thermometer has been as low as 35^7 Mew «en>, and as high as 91*^4, the range 
therefore 127°'I. At Berne in Swi^rland the range has been from 24" below zero 
to 95^-25 Fahr. The extreme rang^ of my thermometer iu I82G was from 93 -9 to 
40 -aO or 53°"4 ; the former occurring on the 12th of March at 4 p.m., and the latter 
on the 15th of January at sunrise. In 1827 the extreme range was from 96°'8 to 48% 
exhibiting a diflferenco of tf^8» the maximam being on the 38tb of March at 4 p.m., 
and the minimum on the ISth of December at sunrise. In 1828 the maximum 
occurred on the 7th of May at 4 p.m., beint,' 101°, and the minimum 56° on the 16th 
of February and 4th of December at sunriise, the range not exceeding 43°. I have to 
remarli, however, that for a short time on the 7th of May, the thermometer rose to 
10j»* (this was at the sonroe of the Beema river, at a height of 3090 feet above the 
sea), the highest record of the instmment I have ever had in Dukhun, in the shade, in 
very many years' observations. Tliese occasional manifestations of extreme lieat would 
appear not to be eonfined to the equatorial regions, there being many similar in- 
stances in the temperate zones. At Montpelter in France, in 1823, the tlierinouieter 
stood for some days at lOO^ Faab. In Paris, in 1798, it was at 9fl^'< ; aad Humbmjm', 
in his Persmial Nanstive, mention^ on the authority of Aaxoo, it being even 101*' 12 
Fahr. at Paris. The range of the thermometer in Paris, between 1793 and 1795 ii^ 
elusive, was from 8°*6 below the freezing-point of Fahr. to 99°-6 or 81°. 

The monthly means do not differ much trom each other in Dukhun. In 1826 the 
difibrenoe between the meant of the hottest month, May (83^98), and the coldest, Jn- 

« Jumaij, 0«>-5G04fii Tcmpeiature IS"-?. June, O'^-Sfi 124 ; Tempemture W l. 
I»eeialier,€^SfiOia{ Tnpcntan 16^0. July, 0^56194: 'RDpentin* M'^S. 

HvMioutT, ntiMHul Namtiwc^ vol. vi. put ii. pife 74S. 
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nuary (65°'90), was only 1 7°-38. In 1 827 Janoacy was the oddest month, and the hot- 
test was April, tbeir mean difference beiag 1 4*^08. In 1886 tbe coldest month was De- 
cember and the hottest May, their difference 15°'41. In 1829 March was the hottest 

and Novcinbei- the coldest, their difference \ 'f 66. The greatest diurnal rani^c in 1826 
was 37'**30, on the 5th of March, from 50^-5 to B^'f • In 1S27 it was SO" .'), on tlic 12th 
of Deceiiihcr, from 49°-5 to 89". In 1828 it was 34 8, on the IGth of February, from 
56^ to 90^8. In 1 899 the maidmam diurnal range was 37°^5, in December. The least 
diurnal range in 1826 was on the 2Snd of August, amounting only to 0*60. In 18S7 
it also nccnrrcd in Aug-nst f^th), heing: only (f- lO. In 1828 the minimum range was 
on the 18th of Octoher, amonntini^ to 0 -40; an unprecedented circiiinstancc in that 
month. In 1829 the minimum range was 0 -ttO, in August. In 1830 it was 0 *5, in 
July. 

WUh reipect to the greatest ifinmal and the grsatest monthly range of the ther* 

mometer. the 'vint< r months have a range nearly in a quadruple ratio to the monsoon 
months, J ime, J uly, August, and September. The latter have mostly their temperature 
very equable, the different; of the monthly means rarely exceeding 3°, and the greatest 
diurnal range in five years only once amounted to 18°**6. The latter end of March, 
and Aprfl and May are the hottest months in the year, from the position of a nearly 
vertical sun, the intensity of whose inflaenoe is but slightly modified by tiie occasion-^ 
ally cloudy weather in May preceding the monsoon Thi temperature falls in June, 
and continues nearly stationary until the end of September ; it then rises in October, 
but falls at the end of the mouth until it« annual minimum in December or January. 
It is low the eariy part of March, but rises tudimfy after the middle of the month, 
oocarioning a difference of 6" or 8° between the means of February and March, which 
is more than double that of other consecutive months in the year. The rise in 
October is also sudden, but does not occasion so great a difference of means as be- 
tween February and March. It will thus be remarked that the temperature docs not 
fdlow the sun's dectination, owing to the interference of the monsoon. 

My thermometrical observations in Dnkhnn were made upon lords ranging from 
1400 feet above the sea to 4500. At the latter height, however, tbey were very limit- 
ed in number, and beyond the levels of 1 600 and 2200 feet they may be considered 
to have scarcely any sensible influence upon a mean temperature struck for tracts 
traversed between 1900 and 2000 feet. For instanee^ the mean temperature of Ah- 
mednogfur in 1^ (1000 feet). Dr. Wauebu determined to be 78* Fahu., and 
my mean temperature for the countay I tiavciaed in that year was 77^98. In 1^ 
it was 77"25 ; and in 1826, when my research e^^ were a good deal confined to the 
hilly tracts, the mean temperature was 76°"46 ; and in 1829 tlie mean temperature was 
reduced to 74°*8, three months' observations of the year having been taken at 3943 
feet atrave the sea, and one month's observations at 2416 feet. One feet is very re- 
markable ; the observed mean temperatmv of places on the table land of India is 
much higher than the calculated mean temperature of the same places agreesbly to 
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MAirB»*ft fiwiRiila. Ahateditiiggiir is 1900 feet above the sea with a mean temperature 
of 76" : the oalcalated mean temperature i« 73°^97* Mhow ia Malwa, at iMHN) ftet, 

observ ed mean temperature 74° ; calculated 69° 86. A ipriag in the hill fort of Hur- 
reechiindurphur I found to l)c 69"-5 : the calculatc<l mean ffniperatiire for the lati- 
tude of that fort, at an elevation of 3900 feet, is 63° 4^). The calculated mean tempe- 
rature oi Pooua is 72^'/i^ i the observed 77^'7> But I purpotse eniargiug on this sub- 
ject in a future paper on the mensuration of heights in Dukhnn, determined barome- 
trically and thermometrically. 

An inspection of my tables of temperature will show that the mean temperature of 
9^' 30" A.M. is almost identical with the annual mean temperature rledurcd from the 
maxima and the minima. Frofe«>sor Forbbs ubserves that the same holds good at 
Edmburig^. To show the importance of posilion in pladng inatmmeata for obeemu 
tions of temperatore, in Novembo* 1838, 1 put thermometer No. 3 nader a gnus roof 
adjoining the eastern wall of my house, but within twelve feet of thermometer No. 1, 
which remained in its usual place. The instrnment was secure from direct or re- 
tiected heut. At sunrise the mean fur the mouth of No. 2 was 7°'42 lower than the 
mean of No. 1 i at 9** 30*" it was r76 higher ; and at 4 p.m. it was higher ; bat 
its mean for the whole month was 3^35 lees than tlw mean of the thermometer Icept 
in llie bouse near the open window. 

To ascertain the numerical cooling effect of shutting ont the external diiirnal air 
from acting^ upon the thermometer in the hot months, I hnnp- thermometer No. 2, in 
the month ol iipril 1827> in my drawing-room, cummumcutiag by double doors with 
a Urge dining-room summnded by an indooed and glased verandah. I had all the 
external ^dowe and doors oarefolly shot at 7 am. daily, and opened again at snn- 
set. Thermometer No. 1 was in its usual place in my librarj-, with a free circulation 
of air. Thermometer No. 2 was l''^^ higher than No. 1 at sunrise ; at 9^ .iO^" a.m. it 
was 0°-6Z lower ; and at 4 p.m. it was 5°-5 lower ; and the difference of the monthly 
means was a^ffil minus hi fovonr of thennometer No. 2. There cannot be a donbt» 
therefore, of the advantage of dosing a room in the troples daring the heat of the day. 

My hygrometric ob*;ervations with Davikll's hy^'rometer for forty-three months, 
from April 182G until March IH'JH, and from June 1829 until January 1831, were 
very comi)lete and satisfactory. The first great feature was the annual mean dewing- 
point being higher at 9^ a.m. than at sunrise or 4 p.m., eisepting in 18S9 — 1880 ; bnt 
it did not nnifonnly Iwld good in each month of the year. In 1896 the mean dewing- 
pdnts in Dukhun at sunrise and 9^ a.m. were respectively 66''"58 and 67°'56 ; tern* 
perature of air 73^ 06 and 77° i)3, containing 7 473 and 7'634 grains of water in a 
cubic foot of air; but in the monthly means, October had a higher dewing-point at 
sunrise tlian at 9^ am. : October, however, wan the only month in which this occurred. 
In the mean for 4 F.M.,Septeml>er had a higher dewing-point at 4 p.h. than at 9^ am. 
On the whole, it may be asserted that the mean deidng-points of the three periods of 
the .dqr were iolmbly unifonn, although at 4 pm. there was a much less absolute 
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weight of moisture in the air, allowing for the correction for increased temperature, 
than at mnriie or 9| a jl From June lo December, inclusive, the mean dewing-point 
ma 06^6, mean temperatore 77°^« a cubic foot of air c<mUdninf 7*456 gcaina of 
water. 

The highest dewing-point rec(»r<irfl in Diikltnn in 1B26, occurred at A o'clock on 
the 2lst of October, being 7t> ; temperature of uir 8l"*50 ; a cubic foot of air con- 
taining 9*945 grains of water. The lowest dewing-point occurred at Bunrise on the 
4th of December, bdog 44" ; a cubic foot of air oontaiiung 8'678 grains of aqueous 
vapour at a temperature <rfmr of 5tf. But the lowest dewing-{>oint did not indieale 
the driest state of the atmosphere, as a ilewing-point of 45^ in November, with a tem- 
perature of H7°, at 4 P.M. g^av e only 3 587 grains of water in a cubic foot of air. The 
most moist month was July, the mean weight of water in the atmosphere in a cubic 
foot of air being 8775 grains, and the point of aatondion 4*'8& from tlte deiring-point. 

Hie greatest monthly range of the dewing-point was in October (S(0> «ad the 
smallest range in July and August (7°). An inspection of the monthly ranges will 
show that t!icy conform to a limited extent only wi«h the ranges of the barometer 
and thermometer. From June to December inclubive, the extreme dewing-points 
difleredSSif. 

In 18S7 my fajigrametric obaervatiooi are complete for the whole year. The IbU 

lowing are the results. In the mean.s for the months, as in 18S^ with the eieeptlon 
of part of April and the months of M u ui i October, the 9^ A.M. means give a greater 
quantity of nioi'^tiire in the atmosphere than at sunrise ; the mean for the year at half- 
past nine having a dewing-point of tiO^'/'^j temperature of air 7B°'50, the cubic foot of air 
containing 6' 1 40 grains of mdstare ; and the yearly mean at vunrise haviiig a dewing- 
point of 59°'36, temperature J^'^f And the cubic foot of air contauiing 5-940 gndm 
of aqueous vapour. In part of April and in the month of August only doe.s the mean 
at 4 P.M. give a higher dewing-point and a greater quantity of vapour in the air than 
at 9^ A.M. and at sunrise. In August we find a cubic foot of air at 4 p.m. containing 
8*693 grains of aqueoos vapour. 

The quantity, however, is only great in relation to tiie quantity oonttined in the 
air at other hours of observation in the same month, and it will not bear comparison 
with the mean quantity held suspended at other periods during' tlie monsoon; for 
we see by the Table, that in June, at 4 p.m., a cubic foot of air held 8'883 grains of 
water, and the other hours of observation had still larger quantities: nevertheless the 
monthly mean indicates August being the most moist month in ; for althonffa 
a cubic foot of air contained only 8*574 grains, and June held B-93I grains of 
water in a cubic ft^ot of air, yet the difference between the dewing-point and the tem- 
perature of the ail in Autrust was only 5°18, while in June those points were J^'Hl 
from each other : the air in August, therefore, was nearest to saturation ; but the re- 
maining months cS the monaoon dilfer very slightly from these results. The biglicst 
dewing^pobt in Dokhon, In 1887, oocarred at 4 p.ii., on the 18di of June^ bdng 76^ 
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tempetature 7^; & cubic foot of air containing 10 049 gnuns of aqueous vapour. 
This may be looked upon as great, the tempemtHfe of the air at Poona being rarely 
7^ Fahs. when it absdalelr rains. 

A very dry state of the atmosphere occurred in January, the dewing-point on the 
4tfi of tlie month at sunrise being obtained three degrees below the congelation of 
water, temperature 62°. A cubic foot of air at this observation contained 2* 146 grains 
of water; but this did not indicate the driest itaCe of the atmosphere, the demag' 
point from the point of satnntion being !I9% while on tlie Sth 4tf December it differed 
46°, the dewing-point iidnf 87^ and tonperature of air 68*. 

A<» in the preceding year, the smallest range of the hygrometer is found in July and 
August. From these months there is a rapid increase in the range until January, 
when the greatest monthly range occurs, namely 38°. December has also a very high 
range of 39*. The extreme range in tiie year amounts to 47* $ that is to say, from a 
dewing-point of 29°, temperature 62", in January, to 76°, temperature 79°, in June. 

In 1827, as in tlie preceding year, there is a limited conformity in the range of the 
hygrometer to that of tlie tlieinioiiieter. The monsoon months have the smallest 
i-ange, the cold montlis the greatest, and the remaining months a range between 
those already noticed. 

In 1838 my bygrometrie observations in Dokbun extend tliroqgh three months 
only. In these months, as in the preceding years, there was more aqueous vapour in 
tiie atmosphere at 9^ a.m. tlian at sunrise or at 4 p.m. In February of this year the 
lowest dewing-|K>int ever recorded on the general level uf the country took place, 
being 5* below the freezing-point, namely, 27° Fahr., the tempeiatare of the ur being 
57°'50, and a cubic fbot supporting 3i)83 grains of aqueous vapour. Even this is not 
the lowest degree of absolute diyness remarked in tlic Dukhun, as Qa die hill fort 
of Loglmr, OT1 the 12th of March, tlie detving-iioint although 27° Fahb., took place 
when the temperature of the air wna 67^^ Fauk. ; consequently, a cubic foot of air 
contained only 1*995 grains of aqueous vapour instead of 2'083 gialns» A yet furtlier 
degree of dryness occurred on the 16th of Febmaty at 4 p.m., at Downd, near Buiv 
gaon, on the Beema river, when the dewing-point was (31° from the point of satura- 
tion, the former being 20", and the temperature of the air 90*^. The highest d* u ing- 
point in the three months of winter occurred at 9^ a.m. in January, namely, G9 Fahr., 
tlie weight of moisture being 7*988 grains; a state of the atmosphere whicli may be 
looked upon as vciy unusual in that dry month. The range of the dewing-point in 
January (37*) approximates very closely to tliat of the same month in the preoeding 
year. The same obi^ervation applies to tlie month of Marob; but there is a discr^. 
pancy with respect to February. 

In 1829 my observations extend from June to December, inclusive: the mean of 
the three periods of the day is nearly identical for the monsoon months, via. tUPiM, 
60^77 and 70^06 : the maadma, 77*, occurred in June and October at 4 9M.i the 
roinuna all in October, at sunrise, 6<f at 9| am*, and 44* at 4 vm. The mean 
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dew'ing-point for the monsoon was 69°"62, temperature of the air 75*^'B3, the cubic 
foot of air containiog 8*191 grains of water; the maximum diurnal range 6° in Sep- 
tember, and the maximum monthly range 8^ in June and September. In October 
the mean dewing^point fell to 66^63, temperature 78^18. The maximum diurnal 
range increa-swl to 26°, and the extreme monthly mn^c was 33^. In 1830 the ob- 
servations are only complete for D— 10 a.m. : the mean dewing-point was Ol^'O, mean 
temperature /B'' ^, and a cubic foot of uir contained 6*351 grains of water : the ex- 
treme range of the hygrometer was 47**, and the lowest deving<point 91°, tempera* 
ture 50*, in December. An impeetion of the tables Nos. 17— SI will show the gradnal 
increase of moisture in a cubic foot of air from the most dry month, February, until 
June or .Inly. Hence the moistness remains nearly stationaiy until the beginning 4^ 
October, when it diminishes, somewhat rapidly and regularly, until February. 

It might be supposed that the hottest months m the year, March, April, and May, 
would also be the driest ; hut such is not the fact. The powerful action 4rf the sun 
on the ocean in the middle of March raises a lai^ quantity of aqueous vapour, which 
continties to increase in the ratio of the sun's progress north. The westerly winds 
waft this aqueous vapour into Dukhun : much of it h arrested by the Gh^ts and 
hilly tracts easiwurU of those hills ; accounting for the sensible uioistnessjof the air, 
the frequent night-fogs, and deposition <ii dew on this line in the end of March and 
in all April and May. The supply of moisture diminishes in proportion to the 
distance eastward from the sea to the limits of the CoromantU^l coast monsoon ; we 
in c-on'^equcnce find the Ghi\ts, Poonn, Aliinednuggur, and the Bala Gb4t, all with 
very ditferent dewing-points in the hot months. 

My visits to fionil)ay on pubfic duty in succes^ve years,' in the hot and eold 
months, enabled me to determine, in the most satisfiictory manner, with the idd of 
D.\Niux.*« hygrometer, the usual surcharged state of the air of the coast with mois- 
ture, and its ample means of .supplying; the interior table land witli ar|UPous vapour. 

In April and May 1826, in Bombay, the monthly mean dewing-pomls were respec- 
tively 72°*84 and 75°*59, temperature 83'''48 and 84'**52, a cubic foot of air holding 
8*968 grains, and 0*748 grains of water suspended } whilst July, the most rainy 
mcmth during the monsoon at Pioona, had only a mean of 8*7/5 grains of water 
sn^pf ti!!! ! In 1827 the mean of ten days' dewing-points in Bombay in April gave 
10 2i;i grahii. The ^Tratest mean quantiJy at Poona during the monsoon in June 
was only 8*931 grains of water in a cubic fuot of air. In 1828 I was enabled, in the 
month of March, to establish comparisons, derived from observations on consecutive 
days, between Bombay, the top of the Ghjkts, the hiU fort of Loghnr, and Fbona. 
At 4 P.M. in Bombay, on the lOth of March, a cubic foot of air held 11*205 grains of 
water. At Poona, at the same hour on the 14th of March, a cubic foot of air con- 
tained only 2*2/3 grains of water. At Bombay, on the 10th, at sunrise and at 
9^ A.K., the dewing-points were respectively 72* and 71°, temperature 76* and 81">50s 
a cubic foot of mr containing 8*878 grains at the fimner hour, and 8*487 grabs of 
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water at the luttcr hour. The following inoruiiig, at Kuadaliaii, oa the top of the 
Ghfttv, 1744 feet above the sea, at the raroe bouni, the dewing-points were 86* and 
4<f , tempe»tare 79^ utd 79^ equivalent only to 2'6e0 grains and 8*004 grains of 

water in a cubic foot of air. In the afternoon of the same day, at Karleh, 2013 feet 
rdmvo the svn, ?cvcn miles east of Kundallah, a cubic foot of aii- field 2 ?)54 grains, 
and on the ISth, at 4 p.m., 2*611 grains of aqueous vapour. On tlie sunitnit of L()j;hur, 
8881 feet above the level of the 8ea> and 1866 feet above Karieb, the dewiug-puint 
at sunrise the next day was 5* Fahr. below the freesing-poiat, temperature of aurOT"; 
and u cubic foot of air held only 1*995 grains of water in a state of vapour. 

These facts fnlly establish the remarkable discrepancies between the hygrometric 
•state of the air 'n\ Bombay and Dukhun, and that too within a difference of a few 
n)ile!> uf latitude and lungitude. A comparison of the absolute full of rain in Bombay 
. and in Foona for the years 1896, 1827> and 1838, shows an agreement (to a certain 
«[tent) in their ratio to the relative hygrometric state of tlu- air at Poona and Bombay 
above noticed*. The occasional extreme dryness of tlic air in tlie nioutlis of Decem- 
ber, January, February, ami part of .March, is productive of some inconvenience; new 
furniture cracks, planks separate from each other, doors shrink so much that the 
lodes will not catch ; the leaves of card-tables warp^ and manifest a disporitron to 
curl up^ and an only kept level by the constant application of brackets ; ink disap- 
pear«; if by magic, and the nibs of pens, by thtsr recession from each other, mani- 
fest a provoking' mnttial antipathy. 

I will confine my observations on the fall uf rain in Dukhun within a narrow com- 
pass, as a glance of the eye over the Tables, Nos. 23 — 28, will affiwd every infor- 
mi^on. The rains are light, uncertain, and in all years barely sufficient for the 
wants of the husbandman, and a slight failure occasions much distress. They usually 
commence at tlic end of May, with some heavy thunder showers from the E. to tlie 
S.E., the liiflitning being terrific, and frequently dangerous. They set in regularly 
within the hrst ten days in June, and continue until the end of September from the 
W. to tlie S.W., and break up with thunder storms from the E. to 8.E. before the 
middle of Octolier. During the remaining months of the year an acddental shower 
or two may fall from the Coromandel monsoon ; and the further the distance east- 
ward from Poona, the greater the rbance of showers in the cold months. The 
monsoon temperature is equable and agreeiible, and the rain occurs almost always 
in showers, rarely continuing uninterruptedly for a day or more, as is common on 
the coast and in the Konknn. There does not appear to be any uidformity in the 

* The mean annual fall of rain in Bombay for tboae jtm «M 93*63 incbea, and th« mean fall nt Pooo* 
26 926 inches, or 28} per cent, only of the faO in Boalwjr. The dMoInte wright of aqueous vopour at 
Foooa In Marob 1828, mm 41^ per cent, of the quantity suspended in the air in Bombay iti the same month. 
The comparison of the means of the annual full of rain in Bombay for twelve years, from 1817 to 1828 in- 
clusive, viz. 82*01 inches, and of tlie fall of rain at Poona, inches, from 1826 to IS30 iocluaive, gives 
Hm Mune Nralt. 
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fell of rain in the same months in consecutive years. In 1826, July was the most 
rainy month, and Angust the driest. In )8?7, June had the most rain, and .Tidy the 
least. In 1828, July was the most rainy, and, unlike the two preceding years, June 
the least so. Id 1829 and 1830, June had the most rain, and Septemb^ less than 
any monsoon month for many years previously. In five years* oheervations in Dnkhun, 
the greatest quantity of rain fell in the months of June and July. October, the month 
in which the monsoon breaks up, is the next most rainy, Init the rain falls in u few 
heavy squalls, and tiie greatest part of the month is ipiite fair and briglit. September, 
August, and May follow in the order of their aggregate supply of water. In lliuse 
five years no rain vhatever fell in February, twice only in December, and only once 
in January, Maivh, and April respectively. The mean annual fall was 28| inches, 
while the mean fall for twelve years In Bombay, only 80 or 90 miles to the westward, 
was 82 inrlirs. The rloiids supplying,' tlic monsdon torrents wotdd appear to have a 
low eleviuion, a.s i have ti cquently seen througli breaks, as tlicy were passing rupidly 
from the west to the east, a superior stratum, apparently stationary, or moving slowly 
in a contrary Erection, and gilded by the sun's rays. The greatest fell of rain in any 
one day was 2*58 inches, on the 6th of July 1826 ; and in tiie whole five yeans there 
were only six other instances of the diurnal fall having exceeded 2 inches, namely, 
on the 15th of Januar}', 2'17 inches; on the 29th of June, 2*5/ inches; on the 26th 
of September 1827, 2 54 inches; on the 30th of August 1828, 2*24 inches; on the 
34th of June 1^0, 3*31 inches; and 85th of July, 2*41 inches. 

At Humee, on the coast of the southern Konkun»on the 15th of June 1829, there 
is a record of H-lXi inclu's of rain in tl:e*21 liours. In the year 1828, in Bombay, 
there is an inst;in( <' of a similar diurnal fall ol" rain on the 21tb of June, viz. 8 (57 
inches; and in July of the bume year, on the 12th and 18th, there fell respectively 
7'40 and 7*45 inches of rtun. 

The mean annual fell of run for all England, from many years' observations, is 
32*2 inches ; but the means of diHTerent counties vary from 67 in Cumberland to 19 
in Essex. 

Tlic direction of tin- wind was carefully recorded three times daily for the years 
1836, 1827, 1828, 1829, and 1880. The great features in these observations are the 
prevalence of winds from the west and westerly quarters, east and easteriy points, 

and the extreme rareness of winds from the north and south, and the points ap- 
proximating to them, and these features ap])ear to be coTistant in the several years. 
In 5229 observations, the wind hiew from the west or poiuts adjoining 2409 times ; 
and in this number the south-west (305) and north- west winds (122) amount only to 
427, induding the record of sonth-west winds (159) in May, June, and July 1836, 
which in truth were so westerly, that in the succicdin^^ years in the same months 
they were cliussed ius westerly winds, tlieir inclination in ■reneral being more to the 
west than to the south of we.st-soiitli-west, thns Icavitifj 2 1 4 1 ol»ser\'ations of the wind 
almost exclusively from the west. The records of the easterly winds, including south- 

2b2 
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cast (103) and north-east (143), in five years, amoiiot to 019 : of tills nnmber 246 ate 
from the points north-east ;iiul south-cast, leaving 703 from tlie east. There is a re- 
markable paucity of northerly and southerly winds, there heing records of the wind 
blowing from the north only 1 15 times, and from the south but 36 times. Another 
remarkable featare ie the frequent abeence<tf wind, particularly at sonrise; and more 
10 in the montha of Jannaty, February; March, October, and November, than in other 
months of the year. The ceimtion <^ wind from the month of May to Septemh. r i n 
elusive, is coirifnirntively rare ; and generally throughout the year the absence of wind 
at 4 P.M. may he looked upon as unusual. In five years there are 1/20 observations 
<tf **No wind," and 847 of these belong to sunrise, 452 to 9— 10 a.m., and 304 only to 
4 P.H., and 1 17 to 10— 1 1 p.m. in 1830. An inspection of the TaUes will show that 
there is very consideiaUe oniformity in the direction of the wind in the same months 
in consecutive years. The we«:tcrly winds Ijegin to prn nl/'m March, alteriiatini^ with 
the easterly winds, which blow dut rnfr the latter jwirt of the night, and np to 7 or 8 a.m. 
At first they are to the northward ot west, but they gradually come round to the west, 
and for the fiew hut days in IMay and first week in June they are lifom the •outli>west j 
but wlien the nuns fairly set in, they are limited to west and west-flontiMreBt until the 
banning of October. In this month they are variable, and the records of " No wind" 
increase suddenly r\m\ rapidly. A few easterly winds, however, indirate the change 
which is about to take place ; they gradually increase, and with those from tlie north- 
east and south-east, almost entirely supersede the winds from the westerly points. In 
March, from the sun's approach, the interior land during the day gets heated ; an 
influx of air from the sea-coast commences after 10 a.m. ; but us the earth at this 
period cools more rapidly than the sea at ni^'ht, tlie interior is cook-r than the coasts, 
and there is a reflux of air towards the ocean; tlie easterly and we^tftly ^inds thus 
alternate day and night. This alternation, however, diminishes in tiie ratio of the 
snn*s inereasing power i and when the earth giets so thoroughly heated that it cannot 
reduce its temperature by ladhilion below that of the sea, the conseqiuiioe is the 
prevalence of winds from the westerly points to the almost entire exclusion of those 
from easterly points. In June the west sonf h-west wind sets in as previously stated. 

The winds arcr rarely reniarkubic lor blowuig with very gi-eat violence, unless in 
the terrific but sliorl tliunder storms preceding the monsoon. At these periods trees 
are blown down, thatched houses unroofed, great damage Is done by lightning, and 
the nun fells in a deluge. At Dholpoor in Hindoostnn, in May 1805, 1 saw Lord 
Lake's camp levelled (except where partially sheltered) in one of these squalls as if 
by the wand of a magician; and trees which had stood two hundred vears were torn 
up by the roots. Dense clouds of dust always precede the rain and darken ihu air; 
and It is amidst this imporiiig gloom that the lightnings flash with fotal ^et. 

The principal period of the year in which the wind is roariced by its force, is in the 
latter end of March, all April, and part of May. During these months it is mostly 
^ fresh west, sometimes tong; and 1 find by a reference to my registers that there 
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are many instances of its being indent. At these times it is exceedingly exfaaasiiDg 

to the frame ; and few old Indians are robust enough ro bear to sit exposed to its 
direet action for nny continuance. The easterly winds are characterized by their 
extreme dryness ; the lips chap, the exposed parts of the skin are cut, and becoiue 
harsh and scaly ; windows, doors, and joinei'iB work shrink, and present numerous 
interstices ; and to sleep exposed to the night easterly -mnd is to riak the loss of a 
limb or a whole side. With these exceptions the winds are usually agreeable to the 
feeling-s ami of inotlerate force. 

Tht' hot winds (that is to my. a wind blowing over a heated extensive siirCacc), su 
well l^nonn and complained of in the interior of the Indian Peninsula and iu Hiu> 
doottan, are of limited duration within my range of observation. They are from the 
nortb-nortli>west to west, and occur in March and April. It is to be observed, that 
the same westerly wind which on the Gh^ts may be passably cool and agreeable, will 
at Ahmednugrjrur, and at places more f<> the eastward, fjecome a hot wind. The in- 
habitants of Poona and its neighbourliooU are tittle iucommo<ied Ijy hot winds ; and 
in my registers the records pf their occurrence, even on my eastern boundaiy, arc too 
limited to constitute a marked feature. 

I roust not omit to notice, that in these very months of the hot winds fbr five years 
a most unaccountable wind blew for a day or two from tlie north-north-west to the 
west-north-west sn severely old as to lie injurious to vegetation, and intense enough 
to benumb the hands and feet. At Yagrah, near the source of the Muta river, on the 
11th of March 1825, at sunrise, the young shoots of plants were nipped as if by a 
frost, although the thermometer was down <mly to 4S°'10 Fahr. On the 0th of 
March 1826, the thermometer was at 58° at sunrise} the cold inteose, no wind, but 
a westerly wind at 4 p.m. On the IHth of March 182/, atTacklee near Ahniednng'g'iir, 
a fresh west-north-west wind was so cold at sunrise, that I could nut exten<i the 
fingers of my bridle lumd, and my people bad not been able to sleep dui'ing the night 
from the want of warm covering. In IB38 intense cold occurred on the 3nd of Fe- 
bruary at Barlonee, on the Seena river, but without wind. On the 20th of February, 
whilst drivitif( from Poona to Karleli before daylight, my limbs were positively stiff- 
ened hy a cold north-west wind. In 1820, at I Inrreechundiirghiir, on the 4th of 
April, in the uiidst of the hot season, the cold was so great, witii a west-north-west 
vriod blowing, that a sheet, blanket, and counterpane were insufficient protection, and 

I was nccesaltated to rise in the night and put on a flannel dresnng-gown to ensure 
comfortable feelings. In 1H30 this wind occurred on the Snd of March at Poona, at 

I I p M , and continued all nig:ht. It is difficult to nssig-n a cause for these transitory 
cold winds at the commencement or in tiie midst of the hot !>eason. 

Tliose curious whirlwinds, noticed by all travellers in Africa, and which in the 
deserts are not only inoonvenient but daii^;erous, are of common occurrence in Duk- 
hun in the hot months. A score or more columns of dust, in the form of a speaking 
trumpet or water spout, may be seen at one tune chasing over the treeless plains. 
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marking that TOrttX of heated air, which in its whirl carries up dast, sand, straur, 
baskets, clothes, and other liglit matters, to a height of one or two hundred yards or 
more. They are not dangerous, but particularly truublesume in a camp, iitriking tlie 
tents, and scattering about all light loose matters on the surface ; and the ruiiiliiog 
noise with, wbich they come terrifies hones, and induces tbem to break from their 
pickets. They are sufficiently poirerfiil also to lift off the grn.s.s roof of a hut; and I 
have known instances of oflicers' houses having shared the same fate. They appear 
and disappear with great <iiiddenness ; and I have been frequently startled by hearing 
a loud sound of air rushing from all parts to a central axis, round which it furiou!>ly 
whirls, and on the instant finding myself enTdt^ed in one of these <* devils,* as th^ 
are called by Europeans in India. 

During the dry months of December, Janoaiy, February, and even during March 
and part of April, electricity is occasionally so prevalent in the air, that I'cmoving 
flannels with quickness from the body iu the dark is accompanied with flashes of 
light ; the liair crackles under the comb and emits sparks ; suddenly shaking lino- 
musquito bed-curtains has been Icnown to produoe a flash ; and stripping down bed- 
clothes has doiu tlu '^ame. From the 8th of ft^irch ontil the 23rd of April 1829, 
while in tents in tlie hill fort of Ilurrerchtmdtirghur, at 30-13 feet above the sea, in 
stripping down the bed-clothes to 'j-ci into bed 1 have frec|uently found my hand in 
contact with the clothes enveloped lu a Hume of blue light. On the last date men- 
tioned, at 1 1 o'clock at night, the flash was so broad, vivid, and repeated at every 
movement of the bed-clothes, as to exdte more than ordinary attention and surprise. 
I had not the means to determine the hygrometric state of the air at the time; the 
thermometer ;it l p.m. had stood at OC-HO; no cliange had falieii place in the usual 
movements ol the barometer ; the wind up to 9'' 30'" a.m. tiad been east-north-east, 
and from that hour until past midnight had continued at west-north west in gusts : 
the night had not iidt partieulariy dry; indeed tlie night of the 2l8t of April had 
been SO moist as to wet the tents. Electric shocks in filling Jonbs's barometer in 
different parts of the countiy, and the terrific lightning of the storms in May, have 
been already noticed. 

I Jail sometimes falls in the h(ft months of March, April, and May, in those thnnder 
stonns to which t have aUnded. The hail, wUch in many instanoee b foand to con- 
sist of masses of transparait Ice, is of connderable magnitude. In the stonns &t the 
Slst and 22nd of April 1830 at Poona, the hail-stones were larger than marbles ; and 
they were of a similar size in a hail ptorin in the fort of Hnrreechundurghur, at 
3943 feet above the sea, in the preceding April. I have known a mass of clear ice 
fall exceeding un inch in diameter, and I have been assured that much larger pieces 
have been picked up. On one occasion at Poona the hutetones oonnsted of globular 
masses of clear ice, in which was imbedded a star of many points, of ^t^Uamu ice 
like gronnd glass ; and I deemed the lact suffidently curious to induce me to make 
drawings of some of the stones. 
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Dews first appear towards the close of the monsoon, on the iut>t mornings of Sep- 
tember after cloudless nights. A precipitation of mobture takes place on similar 
n^to in October and Noromber. In Deconber dewtt iisoally become eomeiriutt 
constant and copious ; and they are seen in January and February t but they occur 
under very unoinalous circumstances, the causes of which I cannot explain, fa con* 
secutive nights of similar temperature, and similarly cloudless, dew will be found to 
have been dej)o<*ited one night and not tho following. In September 1827, the 
journal records " Heavy dew" ou the uights ol tlic 23rd, 24th, 25th, 26th, 27th, 28th, 
29th, and 30th ; they then cease until the 5th of October, on the morning of which 
there was a little dew ; on the 6th there was not any, and on the 7th there was a little. 
They do not occur agmn until the 26th j hence to the Ist of November " Dew sub- 
sequently none until the 1st of December; hence no dew until the 6th of January 
1828, wlicn dew was mot with on garden land, but not on ^eld Imul ; sucli continued 
to be the case dnrin!; the whole of Junuary. At Marheh, Pcr*rnnnah iNIoliol, garden 
produce was covered with a copious dew every inoriiing ; the lands bordering the 
gardens for forty or fifty yards around were slightly sprinkled with it; kiUtkm* it>a$ 
not a vetfige it on the fields conslitoting the rising ground north and south of the 
tract of garden land. I had daily experience of these facts from my habits of quail 
shooting. In the yoang wheats I obsen'cd that the quantity of dew on tlie plants was 
in ratio to t!if proximity of the time at which they had been iriigated. Plants on 
land, irrigated tlie day previously, wetted my shoes and cloth pantaloons thoroughly 
in a few minutes. Plants on land watered two days previoui^iy were plentifully 
covered with dew, but I could walk through two or three fields ere my clothes were 
ifolly saturated. Wheat irrigated three or four days previously, and bordering the 
fields above noticed, had dew on it, but not sufficient to wet me through. Such rela- 
tive states of moisture in adjoining fields seem to establish the fact of tlie local i harac- 
ter of dfw>i. Aqueons vapour would appear to have been taken up l)y the action of 
the sun during tlie day, suspended over the spot, and deposited at night as dew on 
the land in proportion to the supply yielded by day, or the different lands radiated 
their heat in a different manner. My tents were within 200 yards of the fields where 
I observed these plienomaia ; but from the 1 1th to the 80tb of January there was not 
any dep<»ition of dew abont them, excepting on the 1 3th of January only, and the 
dewing-point was but once within 4°'5 of the point of saturation. In confjcquence of 
these observations I was induced to remark particularly the localities of dew at Poona 
and in it& neighbourhood, in September and October I found that when there wtis 
not a trace of dew in the cantonment, there would be a deposition on the fields cf 
standing grain half a mile distant ; and when there was not any dew either in the 
CsnUmment or !n the fields, it would yet be found on the banks of running rivulets, 
and on the banks uf the MotaMola river -. but with rc<:pcct to the rivulets, fifteen or 
twenty feet from the water were the limits of the deposition. 

The local character of dew is further attested by the following tacts. On the night 
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of the 28tli of February 1828, there was not any deposition of dew at Poona or in its 
neigfaboailiood. Before daylight I rode tbirty-fioiir miles vest4iorth-we8t to Karlefa, 
in the hilly tracts, and to my aarprne found my bag^gage, which had been left exposed 

during the night, dripping wet with a copious deposition. On the 1st of March I 
reached Bomhay at sunrise, and observed all the tents pitflipfi on the esplanade satu- 
rated with dew; and they were nightly in this state during tlic period of my stay in 
Bombay up to the lOtb of March. On the Uth, at sunrise, on my return to Poona, 
I was at Kundallah, at the top of the Bore Gh^, thirty-ooe miles inland from the 
margin of Bombay Har1>()iir, and at 17OO to 1800 feet above the sea. Dew had not 
been depo^^ifed (linin|^ the nitrlit ol'the 1 Ith. On the r2th there M'as not any on the 
summit of the hill fort of Lo^'hur, near K;irleh; none at Poona on the 13tb of 
March} nor have I a reoord of <lcw a^am un the plains of Dukhun, unless near to 
irrigated lands, until September, although in marching north in April and May, upon 
the meridian of Poona, there is occaaonal mention of a moist soft air at sunrise ; 
and when encamped in May on the Gh^ts, at Beema Shunkur, 3090 feet altovc the 
sea, I M <i8 sometimes envelope d in mi-ts rising dunng the night from the low land of 
the Konkun, at the level of tlie seu, pui>sing rapidly to the eastward, but entirely dis- 
appearing by 8 o'clock a.m. The first mention of dew on the register after the mon- 
soon of IB98 is on the 28rd of September, and it was very heavy. Here was not any 
on the 34th, 25th, and 2r)r!i. On titc 27th it fell again copiously, and continued to 
do so until the 6th of Oct(>l)er Tl then ceased 'mtil ttir 2I«t, reappeared, and 
was deposited with occasional interruptions as in tiie preeedin^ year. On the 14th 
of February 1829 there was a remarkable fall of dew at Pait, on the meridian of 
Poona, and thirty-two miles north of the city : with tliis exception tliere is scarcely 
a record of dew in the whole of that month. FVom the lOth of December 18i88 nntil 
the 5th of January 1829, 1 was in Bombay on the esplanade : there was a nightly 
deposition of dew, not so copious as I had found it in April and May, but sufficiently 
abtmdant on several occasions to drip from the tents in the morning. In 1829 and 
1830 the first dew appeared on the 6th of September in both years, and at intervals . 
afterwards as in the preeeding years. These notices are sufficient to show the want 
of uniformity in the appearance of dew. Its occurrence with an absolutely overcast 
sky is rare; but such was the case on the 23 rd of September 1828. There are many 
instances of its being met with under a misty sky, also under a sky chequered with 
masses of clouds. For tlie most [>art it iiUib been found to form most copiously in 
clear nights; but an inspection of my registers will show that in two consecutive 
nights equally clear, and with trifling dBfiferenoe in the thermometer, one night will 
be chaFBcterized by a fall of dew, the other not. 

f have thought these details neccssaiy, as a knowh'dge of the local deposition of 
dew, and its anomalous occurrence, is of some importance in ap|)iying the correction 
to the specific gravity of air in determining heights barometrically ; for in the s^iare 
of a mile the dewhig-points at Marfaeb <ni the same morning at sunrise rallied from 
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80" to 66* ! ! Tliere are lome drcanutances in the appeanuNse of dew in Doklmii 
nnlitatiiig ag^nst Hr. Willi's theory of iti fonnation $ but more extended and cace- 
ftal observations may possibly show that they resulted from pccniiar combinations 
not affectinfr his broad principles ; and some of the anomalies may be traioed to the 

different power of radiation of iieat in difll-rent soils. 

Fogs are certainly of i-are occurrence in the Desh or open country within the limits 
of my researches, although al<Miig the Gh&ts they prevail for six months in the year. 
In the Desh they are only seen in the months <tf October, November, December, Ja> 
nnar)' and Febrtiary, and then only for a few mornings. Byf)^ a.m. they are uniformly 
dissipated. In 1826 the first record of a fog was on the 8th of October, wliich wns 
confined to the banks of the river at Poona. The same occurred on the I5th, 21st, 
and 81st. On the 16th of November of the same year there was a thidt fog at Beh- 
loondeh, on the meridian of Abmednnggnr. On the 17th of January I8S7 a dnek 
f<^ occurred at Poona, which continued until 9^ a.m. On the 31st of the same month, 
and on the 1st of February, there was a partial fog until 9^ a.m. At Pairgaon, on the 
Beema river, on the 29th of November 1827, there was a partial fog until 9^ a.m. 
On the 31 St of December, at the junction of the Beema and Seeaa rivers, and ex- 
tencBag to Wangee> ten miles up the Seena, thiere was a' remaikabie fog in a ittratnm 
a ibr feet thick, lying close to the ground, its upper surfooe being quite flat, and not 
corresponding to the inequalities of the country. In consequence it frequently oc- 
curred, that in passing over slight rises on horseback, I had my head above the fog, 
while my body wsm enveloped in it. My view ranged over a sea of mist, and trees 
and bouses appeai-ed to spring from a sheet of waiter, the surfiuse of which reflected 
prismatic colours. On the Srd of October 1888, at Poona, a slight fog oocnnred ; a 
heavy fog on the 6th, and the same on the 21st. On the 23rd and 24th of November 
also, at P<;ona, there \va« a thick fog. It was during one of these fog? at Poona that 
I witnessed a white laiiiiMw. I had mounted my horse shortly aftei* daybreak in pro- 
eeeution of my accustomed rid^ and galloped a few milei tomrds theeiat. Suddenly 
I found myself emei^ from tlie fog, which terminated abruptly in a wall some hun- 
dred feet high. Shortly after sunrise I turned my horse's head homewards, and was 
surprised to diseover, in the mural termination of the fog-bank, a perfect rainbow, 
defined in its outline, hut dpstitute of prismatic cohnirs. As the snn rose, the l>oW 
and fog-bank dibappeared. Nicbuiir, in iiis V oyage to Africa, describe8 a vviiilc nixn- 
bows and Mr. St. John, in his lives of Cdebmted Tiravellers, mentions having seen 
one, on the a'Ist of May 1880, in Normandy, on ** the morning mist*.** 

At Poona, on the 12th and 22nd of October 1829, fog until 7 a.m. and 8 a.m. ; 23rd 
of October, partial fog. In ia30 there is not any notice of fog. — Such are my 
records of fogs in five years in the Desh, amounting only to nineteen times occur- 
rence. 

In the lully tracts, and along the line of the GhAts, tbey hate been mndi more 
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fireqiwnt In March, Apri^ and May, for aeraral years, I waa eneamped for a mek 
or more on the creal of the Gbiia. About the middle of March fogs commenoe to 
liae, at vnoertain intervals, from tbe Konkun. As the beat iocreases, the intervals 
become shorter ; and from the first ten days in May i usually found myself < nveloped 
in a thick fog, three or four tiroes a-weck, from dark until 9 or 10 o'clock tbe next 
day, by which time tbe heat of tbe sun bad always redissolved tbe partially con- 
denaed moistare, and cleared the inr. Theie foga, what thqr wore acoompanied bf 
weeteriy wmda, roee nfddfy from the Kookm, and flew with great swiftness eaat- 
ward. At sunset there would not be a speck upon tbe sky; and within two hour?, 
by a fall in the temperature of tbe lur, tbe aqueous vapour from the sea, suspended 
over tbe Konkun, would be condensed, become visible, and shut out objects from view 
at a foir jardnT diitanoe. When there was a want of wind from tiie weit, or light 
oBBieriy whids pretailed, die coodcaaed vaponr did not riae from the K<«]iuii to the 
Ghllts, but appeared at daybreak lying upon tbe former, 1000 or 2000 feet below 
the level of the crest of tlie latter, like a sea of milk in repose, on which the prismatic 
colours of the rainbow were uccujsionally visible after tbe sun rose. All above would 
be perfectly bright and clear, and tbe sky a fine bine. Tbe tops of moantains rose 
ftooi thia ringvlar wa like Manda, and the atnpcadoiM barriers of the Ghikta looked 
Kke a magnificent rocky shore. As tbe sun got high, tbe fog would ht seen to creep 
up the chasnis of the Ghits and midway along the slopes of the ranpefl bounding 
tbe valleys, at tbe top of the Ghats, and tbe Konkun would gradually reappear. 

It was during sucb periods that I had several opportunities of vritncssing that sin- 
gular ph en o men on tlie cireidar lainbow, whkh from its rarenen it spoken of as of 
possibhi oeeuirenoe only. The stratum of fog from the Konkun on some oocaaiottB 
rose somewhat above tbe level of the top of a precipice forming the north-west scarp 
of tbe bill fort <»f TTiirreeelmndurghur, from 2000 to 3000 feet perpendicular, without 
eoming over upon the table land : I was placed at the edge of the precipice just 
wilhont the Bmita of the fog, and withnckndlm sun at my back at a very k»w 
elowtion. 

Under such a OOmUnation of favourable circumstances, the circular rainbow a{>- 
peared quite perfect, of the most vivid colonrp. one half above the level on which I 
stood, the other hall In 1<j,v it. Shadows in distitict outline of tnyself, my horse, and 
people appeared m the centre of the circle us in a picture, to which tbe bow formed 
n resplendent ftamOi My attendants were ineredokms tliat the figures th^ aaw un- 
der auch eihtnorttnary dnnuMtances could be their own shadows, and they toased 
their arms and legs about, and put tbeir bodies into various postures, to be as- 
sured of the fact by the corresponding movements of tbe objects within tbe circle ; 
and it was some little time ere tbe superstitious feeling with which tbe spectacle 
was viewed wore off. From our praadmity to the fog, I bdieve the diameter of the 
drde at no tnne cnseeded fifty or dxty foet. The brilliant cirde was aocompanied 
witii the usual outer bow In Adnter colours. I witnessed these phenomena <m the 



Uigitizeti by ioOOgle 



AND METKOROLOOY OF OUKHUN. 



m 



29th of April, the 9th, 1 Itb, ami 12tb of May 1839» on tiie bill fort of Humeohuir 

durghur. 

I made some obierfations on solar and terrestrial radiation ia 1828 and 182&, 
and had purposed extending tbem tiutmgh several mootbs; bnt imfortnnataly the 
levere labour of my statistical duties in those years did not admit of my devoting 
the necessary time to the interesting- inquiry. In 1830, however, I persisted in in- 
veptipntinc: the subject day and night during the wliole year, but as this paper is 
alrea(iy tou voluminous, I must reserve the details for a iiiture communicatioD. I 
trill simply remark, that a thermometer on the f^raaB covered with black wool at 
9 FJi. <Mi the S5th of Noventher 1828, at Poona, rose to 164* Fabr., whilst a tberrao* 
meter in my library stood at 7^'^, the force of the solar power, thoefore, was 87^4, 
far exceeding the roaxinium of any obsenntlons that have come under my notice : 
and I find that grass was frequently exposed to a range of more than 111° Fabr. be- 
tween sunrise and 3^ 30" pjt. 

He opadty of the atmosphere in the hot months is very remaikaUe. In looking 
from the crest of the Ghkts over the Konkon at sunrise, the ^ky would b« firee from 
a cloud, and every object in tlie Knnknn 'M)()Q or -1000 feet beh)\v the spectator di- 
stinctly visible in the intervals of tlu- to^s previously noticed : as tiie day advanced 
and the beat increased, the air would get misty, but Mdthout a cloud in the sky, and 
by 1 or 2 o'clock objects of great magnitude onlf would be visible in the Kookun, 
seen as through a diapbaBOHB medium. The upper sorftce of this stratmn of hot dr 
was horizontal and quite defined. I found it very rarely reach to the height of 4000 
feet, and I could invariably foretell the temperature of the coming afternoon above the 
Gh&ts, by observing at 9 or 10 a.m. the height of the upper line of the heated atmo- 
sphere of the Konknn. If very high at those hours, compared with the preceding 
day, tiie temperature would be Iqg^ ; and viee versft. In the Dcsh or open country 
above the GhJkts, the heated idr rises for a few feet from the ground in wavy lines ; 
and objects seen through the atmosphere in this state liave an nndniatory flickering 
motion. 

i:lLMiiou>T muiit. truly says, that in judging of temperature, nothing is mure deceit- 
M than the testimony of the senses : we can judge of the diflbrenoe of diniales only 
by nnmerical calcnlatioiis. Having £dt the foil fiBVoe of tiiis dQotum, I have thoqght 

it necessary to expatiate fully on the meteorology of Dukhun ; and it now only re- 
mains for me to show how far the preceding numerical indications are coincident 
with salubrity of climate. 'I'his point I shall illustrate by a few tacts equally brief 
and satisfiuilory. I was six years and one month m Dukhini employed in my sta> 
tistieal labours : my followers In the fisld, with tiiar families, always eKCeeded one 
hundred persons, and in monsooD quarters the number was rarely below for^. 
Durinir tlie v,'ho!r period, and amongst such a number of jwrson", there was not a 
single casualty of an aduit, and only one of an infant Bhortly after its lur th ; and but 
one case of disease that 1 could not cure inyseif without professiouui aid, — a degree 
of hesltUness which probably Aw otbo* countries can eqntl. Dr. Waucbb, long dviU 
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surgeon in the city of Ahiiiednugg^ur, ffxchisive of losses from spasmodic cliolera,) 
found the casualties in that city to be only I 82 per cent., or i in do* I persons; and 
including cholera, 2' 48 per cent., or 1 in 40*2 persoM. Dr. Lawasncs, in charge of 
a regiment of natires 1000 atrong, loet only 0*86 parts of an integer per cent., or 
Bbiaat & men in every 600 per annum during the years the regiment was in Dukhun ! 

In conclusion, it may l*e dfsirahle to give an abstract of the facts established, and 
the principal matters noticed iu the preceding paper, viz. the entire removal of Hum- 
boldt's doubts, founded on the authority of Horsburch, of the suspension of the at- 
moepherie tides during the monsoon in Western India: the existence of four atmo- 
spherie tides in the twenty-four hours, two diaraal and two nocturnal, each consist- 
ing of a maximum and a niiniinnm tide ; the occurrence of tlieso tides within the same 
limit hours as in America and Europe : the greatest mean diurnal oscillations taking 
place in the coldest montbs, and the smallest tides in the damp months, of the mon- 
soon in Dukbun; whilst at Madras, the smallest oscilktions are in the haUed 
months, and in Europe it is supposed the tm^Ued oscillations are in the tiUdM 
months : the regular diurnal and noctiomal occurrence of the tides without a single 
case of inten-ention, whatever the thermometric or hygrometric indications might 
be, or whatever the state of the weather, storms and hurricanes even only modifying 
and not interrupting them : the anomalous fact of the mean diurnal oscillatious be- 
ing greater at Poena at 1839 feet, than at ^e level of the sea in a lower latitude at 
Madras : the fiwt of the dinmid tides at a higher elevation than Poona being few, 

wliilst the nocturnal tides were greater than at Poona : the seasons apparently not 
affecting the limit hours of the tides : the maximum mean pressure of tlie atmosphere 
being greatest in December or January, then gimlually diminishing until July or Au- 
gust, and subseqaentiy increasing to the coldest months : the very trifling diurnal and 
annual oscillatioos compared with those of eztra^ropical climates: the ornitia/ range 
of the thermometer less in Dukhtin than in Etirope, but the diin nal range much 
grrator : the maximum mean temperature in April or May, gradually declining;: until 
December or January : the observed mean temperature of places on the continent of 
India much higlier than the catculaied mean temperature agreeably to Mbvbr's for- 
mub : annual mean deving-pobt higher at 0^ 30° than at sunrise or4 p.n. : highest 
dewing-points in the monsoon, and lowest in the cold months : oonsideiable diffier- 
ence in the dewing-points within very short distances t remarkable contrast !u t'.v<-rTi 
the dewintr-points in Bombay and Duklmn : dew frequently local and ocean iiii; nmier 
anumaluui) circumstances : ruin in Dukhun uuly 28 per cent, of the fall in iiouibay, 
nhie^ or a hundred miles to the westward : winds principally from the westerly and 
easterly points, rarely from the northerly or southerly points, and the absence of 
wind frequent : electricity very abundant nnder certain circumstances : fogs rare, and- 
always dissipated by 9 — 10 a.m. : very remarkable circular and also white niinbows : 
solar radiation very great: and finally, I must nut omit to notice the suigiUar opa- 
city of the atmosphere in the hot weather, and the occurrence of the mirage. 
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Tablb I. 

Oscillations of the Barometer in Dnkhun, East Indies, between the parallels of lati- 
tude 17° 25' and 19* 27' N., and lon^ntude 73° 30' and 7-'»° 53' E,, at a mean eleva- 
tion of 1800 feet above the sea ; the whole reduced to 32" Faiir., with correction 
for the brass scale. 
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Table II. — IMean diurnal and nocturnal oscillations of the barometer, and difference 
tioned places wtchln the Northern Tropic on the Continent of India t redveed 





C*lrutu, 
im, liSi, lUl. 


Miulru, inatimuTn atid mlalmium 


Bantejr. 1&^>. 


Fdom. ]»». UBXMtlxinUMlmlordirM. 


Urn r««< OnImi 




! tl\ tramfltl.tam. 

u>4r.ii. 


FUlftnnS-aO 
A.M, I0 4-«P.M 


fiil fxn 10 r.M- 
MtA.ll. 


Pill troB* A.M. 
■oSP.M. 


Fillfr«n»-IOA.ilH 

<»4-sr.M. 


lllMft«m>4— tP.H. 
to M-tl P.M. 


Riw lytra innrlw 
to»-UI A.M. 


Blarftnia mtrlM 
k>»— IS A.M. 


Pinft«n»-l'iA.M. 
ta«-«P.M. 


Banm. 


Thtrm, 
•ttKtltd. 






Btnn. 




fi<n:«n. 


Ttmmm. 




Thtfm. 
uuchcd. 


Iterm. 


Tlunii. 
•tucbad. 


Bmna. 


ThfTTO, 








TlwriB. 
Attiirfaod. 


Jan. 

Ftl). 

Mar. 

April. 

Mtj. 

June. 

Jul;. 

Aug. 

SrpL 

Oct. 

Not. 

Dec 


IB. 

— -1S3 

-iir 

-■12j 
— U4 

-ns 

—095 
—090 
-■009 
-•101 
—110 

— lor 

-•114 


4-IS-5 
+ U^0 

+ 14-« 

+W 

+ ;-6 
+ ai 

+ i-9 

+ e 3 
+ M 

+13-4 
+ 171 


In. 

--070 

-•ore 

-•081 

—081 
-•099 
-■097 
-105 

-•OM 
—068 

-•ori 

—071 


-l-fl^O 

+ 7-0 

+ W> 

+ frO 
+ (•O 
+ 7-0 
+ 7-0 

+ o<^ 

+ 8H> 
+ 90 
+ 90 


In. 

—■004 

-■OW 

-■OM 

— 0»7 

-014 

-•026 
-•009 
—OSS 
-■084 
-■033 
-•010 
-■019 




in. 

— ■(WJ 

- 091 

•— UM 

—109 

f--083<) 
-■088 

-Wl 

-■054 

-•046 

-<m 

-•074 
t— 1141 


-t-ir-4 

+3-7 

+4 / 

-►Oil 
■*-*>/ 

+M 

+M 

+ !•» 
+1-4 
+M 

+8-48 


to. 
—•136 

—140 
-133 

—143 

-132 
—106 
—075 
-■085 
-•090 
-•TJ5 
-125 

—no 


4- &'8 
+ 0-5 

+ 9-8 

+ 7-7 
+ 6-8 
+ 3-7 
+ M 
-h 2-3 
+ 2 1 
4- 2 9 
+ O'j 
+ 4-9 


In. 

+■088 
+■097 

+ 108 

+ 114 

+•105 

-(-■091 
i-0«! 
--■071 
4-^0«4 
+■083 

+-«o 


0 

- 8-1 
-1^7 

-IM 

- 90 

- 7-4 

- 3-0 
4-5 

- 47 

- 41 

- 8^9 

- a-8 


iti. 




in. 


o 


la. 


o 


{ 






-(M37 

■0514 
■0514 


9^7 

10^1 
10'54 


•1094 

•0961 

•0003 


4^95 

3«8 
9-42 


{ 








om 

•00«3 
•0951 
■0330 

■0850 

■os&t 

•0399 


9-74 
251 
307 

4 75 

ess 

8-73 




































































rmi 


-•iioj 


-1-US 


-■079 


+ 8-S 


—Ml 




—075 


•fS-8S 


-•IIM 


+ 4« 


+-08M 


- 7-9 






•0188 


10-M 


•oee» 


3-45 



The CtJcuttA obMTTations wene made in the Surveyor- Generel'e office ; those at Madnu, by Mr. Oomma- 
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• Ten <ia;ft' obttrtatkins in Bombay, In 182S, (n«M>e by Colonel Srxn rrom 9 — lo a.m. to 4 — S r.M. Riw from iunriM to 
9—10 A.M. •0i3«0i Tbcrm. -(-P" OS. 

t April I8S7, In BocDiwy.— ObaerratiMn nwdc by Colonel Srxu, in Uati, fron 9—10 a.m. M 4—4 r.M. : Riae from tuinriac lo 
9—10 a.i(. -0645 ; Tlmm. •flflPlM. 

\ Obaennuioiu oMidtli B>Mhffr IMIb by CllaMl Smii flMv9->tOAJ(. Id 4-if »M.l BiM Umi Muafw Ml V^lO Mb^CaB; 
Tlmm. -1-7*^ iaMBH. 
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of thermometer attacUedj at difiereat levels above the sea, at the undermea- 
to 32' Fahb. 
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kt Kotagheny by Mr. Dalmahot. The whole are unpubliahed, with die taeeption of those taken at Mitet 

and Calcutta. From die hour* at -prhir'i r,iptaLn Jbrvis obse^^■e^], and the «roal! oscillation of the thermome- 
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Table III. 



IVible of some of the Anonmlics in the period of tlie ebb and flow of the atmospheric 
tides in Dukhun, toigether with their StaUonary Periods during 1830 at Poona. 
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1 have DO instance of a stationary period of 5" 30*. nor of tvo hoon even, as observed bj Dr. Baltocb ia 
Calenttk in 1796; audi abin^ lupcet tihat Ock IcflgOaied periiidi wooU mt lim bectt «a icoudliBdl 
Pr. Bauobb'i bnondcriwiNf ^10 rtw i w ui fib tttm. incb iiMw4«f IwdMUr. 
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LIEUT^OLONBL 0TKBS ON THB ATH08PHBMC TIDBS 



Table XVI. 

Showing the maxinram, minimiim, and mean tempemtare, the maxinmin, minimum, 
and mean diurnal range, and the extreme monthly and annual range of the ther- 
mometer for the year 1829 in Dukhun, between the parallels of latitude 18° 10* 
and 19^ 23* North, and longitode 7^" axif aad 74f 3tf Eaat. 



I8S9. 
MondM. 



Junuarjr. 
February. 

March. 
April. 



AvfMl. 



H«i(M in 
ttvriML 



MutnuinJ MMmum. 



£a rautc 

£a rout* 

r UMt im HUl P«n of Bw\ 



H«y Cottage, Toon . 
Uaj Cottag*, Poona , 

H*T Cp(tag«, Poou . 
Hay CotUfC, Poona 
^ Hay Couagc. Poona 



3943 



1823 



8416 
2416 



turei. 



as 

88- 90 

»4iO 

87-30 
M 

81-50 

79 

85 

89- 50 
83-50 
80 
84 
8S 



•ii-10 
47-30 

68-80 
60 

64-80 

71-50 
70-50 
70-50 
69 

66-50 
68 

49-50 

43 

55 



67-JO 
7»«0 

7H31 
78-07 

7611 

70- 80 
75-60 
73 80 
75-43 
78-40 
75-67 
04-65 
66-71 

71- 20 



Muimuoi 
diurnal 
rangv. 



3(HM) 
3S-40 

17-90 
iO-M 

10-50 

J<-.')0 

J 

9 

13-50 

17 

IS 

SO-SO 
87-30 
30 



37-W 



HiiuBoia 
dturnal 



y 

10-40 
6 

8-70 
8 

150 
4 

-00 

2-30 

6m 

10 
10 

8 
16 



M-nn 



21- 40 
14-01 

14-7S 

13-35 

6-33 
5^ 
4-31 

GiS 
1274 
1^50 
31 -62 
84-92 

22- 86 



iBoirthly 
ttngt. 



1»M 



11 r,o 
SO 

34-20 

3350 

14-50 
11 

8-50 

10 
i3 

IM» 
3050 
41 
30 



Hie mckn toaperatuw of fhe year waa rednced lemil degreea from former 7c«rs, in conseqiienee of the 
vtholc uf the obaervatioDS for the hot months having been made in the HiU Fort of Hurreechundcrgbur in the 
Western Gh4t8, at an clcA-atioa of 394S feet above the level of the aw. Tbe imtber abo daiing the Mon> 
toon was cooler than tuiud. 
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Tabu XXIIL 

fUgi«ter of the Ombrometer from Deeember 1835 to December 



DMM. 

laas. 


rx-c. 




Feb. 


Much. 


April. 


May. 


JuiM. 


July. 


Aupnl 


Sept. 


Ocioiirr. 


No*. 


1. 










.... 


.... 


.... 


.... 


•10 


.... 


•34 




t. 












.... 


.... 


.... 


•10 


•12 


•02 




3. 










.... 


.... 





.... 


•03 


•0.' 


•42 




4. 












.... 


.... 


.... 


•11 


•04 


•12 


.... 


5. 












.... 






•06 


.... 


•01 


.... 


6. 












.... 


•01 




•07 







.... 


7. 












.... 


•14 


•10 


•08 


•03 






8. 















•09 


•19 


•05 


•14 




... 


9- 












• ■ • • 


•21 


•06 


•03 








10. 










.... 


• • « • 


•01 


.... 




■01 




•20 


11. 















.... 


•22 


.... 


■iS 




•01 


1*. 










.... 





•02 


•24 


.... 


•03 






13. 












.... 


•53 


•1 1 


.... 


.... 






14. 















.... 


•06 





•02 




•04 


1&. 












.... 


•01 


■07 


•02 


•07 






K. 












.... 


.... 


•02 


. . . « 


•M 


.... 


•10 


17. 















•06 


•04 


> . « • 


.... 


.... 


•70 


18. 










.... 





.... 


■16 


.... 


.... 






19- 










.... 


.... 




•32 





•or? 




.... 


20. 










.... 




.... 


•23 





•03 




76 


<!. 












• • • • 


•03 


•48 




■12 




•33 


99 














1*06 


•74 


•1 't 

I it 


'11 


•qfi 

yv 


1 V 


S3. 










.... 






•87 


•09 


•14 


•02 


•0.*} 


84. 














■03 


■U7 


06 


•08 






S5. 














I'Ol 


1^3^ 


•08 








SS. 












•27 


•10 


•28 






•01 




17. 












•08 














2«. 












•37 














29 












•17 




•05 




•04 






M. 












1-4.1 




•03 










31. 










■70 














Total 












3-41 


3-30 


M-13 


103 


1^64 


1^90 


2-33 



Total Ml of ram ■2\ -94 inches. 
The R^^ster, duiing the Monsoon, vu kept at Foona cvcrj year. 
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'I aule XXIV. 

Register of the Ombrometer from December 1826 to December 1827, in Duktiun. 



Dmn. 

laa?. 


Dec. 


Jtniury. 


Feb. 


Mareh. 


AprU. 


May. 


June. 


July. 


August. 


Sept. 


Ocuiix>r. 


Not. 


1. 


















•22 


•01 


•06 







5. 








•03 




.... 





•01 


•04 




•05 




3. 













•04 


•17 


•01 


•23 




•11 




4. 








• * ■ * 







•39 


•02 


•03 


■OS 






<. 









.... 







■60 


■01 


"SS 


■06 






€. 



















■06 


•O'i 








7. 


•S9 













•17 


■03 


■07 


•03 


•03 




8. 
















•15 


•01 


•24 





•48 




9- 


.... 






.... 




.... 





■06 


•40 




•31 




10. 


.01 











■ • a • 


•74 


•02 


•11 


•27 


•09 




11. 














1^32 




•03 


•10 


•07 




Iti 
















1^51 


•03 


•09 


•60 


•38 




13. 















1^68 







•22 


■37 




14. 




•09 











■10 


•03 


•04 




•2S 




15. 




2-17 















•13 





■04 


•02 




1«. 




•02 











•18 


■16 


•22 


•10 


•33 




17. 


— 












•02 


•07 


■07 


•13 







18. 














•15 


•02 


•03 




1-81 




19. 















•31 


•01 





•17 






SO. 


— 













•04 


•07 





■04 







«. 


— 






•01 








•08 


•01 























•15 


•01 


•01 








ss. 
















•34 


•01 








B4. 














■07 


•20 










S5. 














■iH 


•02 










t6. 














•04 


•11 




2-64 




•09 


»7. 














•61 


•05 


•13 


•07 




•06 


SB. 














•34 


•01 
























2-67 


■01 










30. 














•75 












31. 


























TotMl 


•46 


8-29 




•04 




•04 


13-47 


J 79 


2-01 


4-51 


4*33 


•15 



Total fdl of nb S9'08 inafaM. 
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Tabu XXV. 

R^^itbet of the Ombrometer from Deoember 1897 to Deeember 1898» in I>ukhan, 



Dntcs. 


Dct. 


1 


V<K 


Msrch. 


.■\pril. 


M»)-. 


June. 


July. 


AugUM. 




October 


Not. 


1. 












.... 


•15 


.... 


.... 


■29 


•11 


. • . . 














.... 


.... 


•03 


•02 


117 


.... 


■ • • • 


s. 














•17 


•13 


.... 


1^53 


.... 




4. 














•57 


•03 


.... 


•16 


.... 


. • • • 


5. 












• . • . 




•12 


.... 


■32 


•71 


• • • • 


6. 
















.... 


•02 


•03 


.... 


* ■ • • 


7. 












.... 




•06 


•12 


.... 


.... 


. • • . 


a. 












.... 




.... 


•04 


.... 


.... 


• • • . 














.... 




.... 


•02 


■06 


•21 


• • . . 


10. 












.... 




.... 


•28 


•03 


•68 


» • • • 


11. 












.... 




•08 


.... 


•20 


.... 


.... 


12. 












.... 




•03 


• • • • 


•01 


.... 


.... 


IS. 












.... 




.... 


.... 


.... 


•15 


.... 


14. 












. ■ . > 




.... 


• • • * 


•01 


1-47 


. • . . 


IS. 












.... 




•12 


•07 


.... 


•08 


. • . . 


16. 












.... 




•07 


• • * . 


•01 


•03 


.... 


17. 
















•43 


.... 


•03 


1-96 


.... 


18. 












• • . . 




•06 


.... 


•31 


•03 


.... 


19^ 












.... 




M6 


•05 


l-iB 


•69 


•23 


M. 












1-50 




•S3 


•01 


MS 


•22 


1-81 


tl. 












.... 




•30 


• • ■ • 


•06 


.... 


.... 


S3. 

















•31 










. • • « 


23. 












.... 




•70 


■ ■ • • 


•04 


• • • • 




i4. 
















•»4 




•04 




. . . « 


tt. 












•45 




•08 




•01 






26. 






















■ • ■ • 




27. 
















•19 










28. 


















•02 






. . . • 


29. 
















■06 


•86 








M. 
















M7 


2^24 


• • * « 






31. 
















U4B 


•IS 








Total 












1-9S 


1-63 








6-34 


2^04 



Total &11 of tain 29-81 iiulwa. 
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Table XXVI. 

Reg-ister of th( ( )inbroraeter in Dulvlum duriiij,' the year 1829. 



1889. 






Mwn. 1 






JuO0. 


1i.1v 


AugUAt. 


ft-.,. 

ocpc. 


LfctooeT. 




Dec 


1. 


.... 


.... 


.... 


.... 


.... 




•10 




.... 





• • ■ • 


• • • • 


2. 




.... 


.... 


.... 


.... 


.... 


•03 


.... 


.... 


.... 


.... 


.... 


3. 


.... 


.... 


.... 


.... 


.... 


.... 


•18 


.... 


.... 




* • • • 


• • • ■ 


4. 


.... 


.... 


.... 


.... 


.... 


.... 


•31 


•05 


.... 


.... 


• • • • 


.... 


6. 


.... 


.... 


.... 


.... 


.... 


.... 


.... 


.... 


•02 


.... 


• • • • 


• ♦ • • 


6. 


.... 


.... 


.... 


.... 


.... 


.... 


.... 


•03 


.... 


■49 


• • • • 


.... 


7. 


.... 


.... 


.... 


• • • • 


a . . « 






•64 


•07 


.... 


• ■ • • 


• . • • 


8. 




.... 


.... 


.... 


.... 


.... 


•09 


•12 


•04 


.... 


■ • • • 


.... 


9. 


.... 


.... 


.... 




•05 


.... 


•09 


.... 


•07 


•37 


• • • « 


• • * • 


10. 




.... 


.... 


.... 


.... 


•53 


•0« 


•10 


•11 


•07 


.... 


•50 


11. 


.... 


.... 


.... 


.... 


.... 


.... 


.... 


1*09 




•09 


B * « « 


•70 


IS. 


.... 


.... 


.... 


.... 


.... 


•l« 


.... 


•07 


.... 


.... 


♦ • • • 


.... 


IS. 


.... 


.... 


.... 


.... 


•04 


1*30 


•10 


'11 


.... 







.... 


14. 


.... 


.... 


.... 


.... 





.... 


•03 


•13 


•02 


.... 


• • • • 


.... 


15. 


.... 


.... 


.... 


.... 





.... 


+ • ■ • 


•07 


.... 


•03 


• • • • 


.... 


16. 


.... 


.... 


.... 





• * • • 


ms 




• • • • 


.... 


•08 


.... 


.... 


17. 


.... 


.... 


.... 








•12 


•16 


.... 


.... 


.... 


« • • « 


.... 


18. 


.... 


.... 


.... 







.... 


.... 


.... 


.... 


.... 


.... 


.... 


19. 


.... 


.... 


.... 














— 


.... 





• • • • 


.... 


SO. 


.... 


.... 


.... 


.... 


.... 


•19 


— 


'36 


.... 
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Tabu XXVH. 

Register of the Ombrometer at Poona daring the year 1830. 
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Tablb XXVIII. 

Tabular view of the iall of nun in Dukhan bom 1836 to 1830, both inclusive. 
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Table XXXI. 
Prevailing Winds in Dukhun in the year 1827. 
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XI. OeomdrM hmet^^piHom omcmung ike Pkeiutmata ^ ThredrkU Magnetism. 
Acaden^i fFoUmek, 

lUniTMl D«eanilMr 18tb, 1884.— ]U«d Febniwr md IMi. 18S5. 

Though the experimento of Michbl and Coulomb have aatisfiictorily determmed 
the law according to which magnetic forces vary as the distance of the needle acted 
on is made to vary, yet, so &r as I know, no one has attempted to deduce from diat 
law any method aocounttng for the phenomena of terrestriul magnetism. Till that 
is done, however, we cannot assure onrselvcs whether the poles (I use the tf^rm to 
de^gnate the centres from which the forces emanate,) be two or more ; nor evea 
whether it be necessary to consider them infinite in uumbcr and distributed over the 
whde soTiaoe or through the whole mass of the magnet. The agreement of the re^ 
salts as to qoanti^ iHth the actual phenomena woold he dedsiTe in fitvonr of any 
hypotheas. The necesnay comeqitmeea have not, however, yet heen deduced from 
any one h ypotheau whatever : and even had it been otherwise, there is so much on> 
certainty attactied to mn^rnetical observations, and so many anomalous and unac- 
countable disrr* putieies and disturbances continually mingling in the registered 
results, that it is not possible, in tite present state of the numerical data, to bring any 
hypothesis fhirly to the trial, however complete the mathematical devdopmoit of its 
consequences may be. 

Notwithslnnding the great difficulty of conducting a series of observations in a ptf* 
fectly unexceptionable manner, and the utter impossibility, with our present know- 
ledge, of pi-operly determining the correction to be made at any given place and 
period with any given instrument, there are yet several features in the phenomena 
which are of too decided a character to be overlooked in comparing the resultii of 
any theory with observation. We may not, indeed, be able to avoid conaiderBble 
Aacrepandes in our comparison, hut still th»e should at least he a gencFsI tendency 
towards agreement, and in no case a direct reversal of the phenomena presenting 
itself as the result of any hypothesis which prefers its claims to our adoption. In 
resfMict to terrestrial magnetism, no direct attempt has, however, been made to em- 
body the results of imy hypothesis in a series of appropriate formulae; and hence the 
conjectures which have been made respecting such agreements have been made from 
extremely vague and inconclusive considerations. 

The duality of the tervestrial magnetic pdes is the oldest hypothesis, and perh^ 
that whose cwuequenoes will be found moot easy to examine. Tlie hasty comparisons 
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that have been madf between its supposed results and the ubservations made on the 
needle at certain places, and especially respecting the Halleyan lines, and HAifaTBB!4*e 
polea of greataat intenrity, have caused the hypotbeiis to be rejected by many penons, 
who, if tbey had looked more cloedy into the qnestioo, could not have fidled to die. 
cover that their conclusions were altogether preraatiin', and probably erroneous. I 
speak now of the broad ffalines uf the phenomena conipaml with a popular rather 
than a calculated series of deductions from the hypothesis. Whether, however, when 
the innults coflM to be more cloeely tested by an appeal to the namerical values of 
the quantities in qnestion, the same accordance would be found, is a question alto- 
gether difTei-cnt : and it is one which we are not at present in a condition, for want of 
numerical data, upon which to offer a distinct opinion, much less are we entitled to 
express a positive decision concerning it. 

The present sntes of papers is chiefly intended to deduce tlw malfaentattesl conse- 
quences of the tbeocy of two poles situated arbitrarily within the earth, and especially 
to investigate the singular points and lines which result from the intersection of the 
earth's surface with other surfaces related to the majrnetic poles. Amon^'-t tfiese are 
the magnetic equator, the point-^ at whicli the needle is vertical, the lines of equal 
dip, the Ualleyaa lines, the isodynandc linet*, and the iiunsteeu poles. If it shall 
appear in the course of these developments that tfae general featnra of all these are 
roughly represented by the hypotheris of two poles, then it will be a strong argument 
in favour of that simple themy; but should a result, in any one of these cases, 
follow from that hypothesis which is vety decidedly o}tpose<l to the i orrps()onding 
ob.served phenomena, we shall be compelled, if our obscrvatious are authentic and to 
be depended on as unaffected by an extreme degi-ce of foreign influence, to abandon 
it altogether. 

Our hope of being able to separate the disturbing from the primary forces must 

depend altogether upon their relative quantities. The success of astrMiinniical re- 
search lias hin«;ed wholly on the relative snialltiess of tlie distnrimices in comjnirison 
with the primary forces tliat govern the motions of a planet: and if the same order 
of magnitude should exist in the magnetic forces in question, the same success will, 
there is every reason to hope, follow in due time. If not, the research should be 
placed at once amongst the detpfrata. flowever, till some method is discovered of 
asccrtaininir whether such is the case or not, we should Iciive no effort untried either 
to accoiupiiijh the proposed object, or to render manifest its impracticability. With 
that view the present investigations, which are ocmducted in a maoner altogether un- 
tried before by any one, are offered to the attention of geometers, as being calculated, 
besides exhibiting the general consequences of the dual hypothesis, in some degree to 
point out where we should look f( r the influence of foreign ft/rces, and especially 
showing- that in reference to one great circle, the want of synnnetry in the results at 
positions taken symmetrically with respect to it, gives us great cause to suspect the 
action of such foreign forces. 
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The nature of tlus paper does not aUow of mnch numerical experiment upon the 
observation-data « but still, m illustration of tbe method of determining the position 
of the magnetic aids, I have entered into a little. The results are not very fiiiVonrable 

to the hy[)othesis ; but whrn it is considered that the observations \rrrc selected almost 
at hazard, all made with <iiffprent instruments, by various person^, unci in geolojrical 
regions extremely di:»:>iniilar, we could hardly, in the confessedly imperfect state of the 
art of observation, expect to obtain satisfaetory results. Tsking all things into 
aooonnt, the results are, iinlliTOui«ble though they be, as satisftotory as we could 
expect. However, whatever conclusion may be drawn from them, they fomish at 
least a pattern for rah nlating any better and more con<5i«t€nt observations we may at 
any future time he able to proriue ; and if any that are beyond question ran be ob- 
tained, it will enable ua to bring the Unearth^ of the magnetic axis to an indisputable 
lest. The dtuiBiy, should the linearity be eetabliafaed, can be at once put to the test 
by means of tlie process in Section III. 

Now that this method of investigjition is proposed, it will doubtless occur to some 
of my roarlirT« that a more direct course would have been to assume the undetermined 
coordinates c„ a„ b„ c„ of the two poles, and express tbe equation of tbe sphere in 
r^brence to tiMS same axes, and henoe Ae ^restive elfeet of die two poles upon a 
needle placed at a point a on the s|dierical snrftee. Such a method, tb^ will 
believe, nui<it also have occurred to me as the most natural ; but if they will take 
the trouble to form the equations of condition that tbi?? mctho(< will require, they will 
see the utter impracticability of cttecting the reductions under the mere motive of 
making <m experiment upon the re»<.ults of an hypothesis when no confidence was felt 
in the numerical data which entered into the formula. The reason for adopting the 
Xsm dir^t, but iooomparably more simple, preliminary test Olustrated by Sections XI. 
and XIL will then be sufficiently <dmous. 

i. — Given the dip and variation of the ma<^netic needle and the geographical coordi- 
nates of the place of observation, to iind the geographical coordinates of the 
place where the needle, sufficiently prolonged, will intersect tbe surfoce of the 
earth again. 

We assume, for rcfwons too well known \n need spe- e ^ 
cificatiou here, that the oithogonul projection of the dip- 
ping-needle upon the horisontal plane gives the position' 
of tbe borinmtal needle ; or, which comes to tbs same, 
tliat ttie dipping-needle and the horizontal needle are in 
the same vertical plane. This plane cuts the sphere in 
a great circle, which we shall for the present suppuse to 
coincide with the plane of the paper, and to be repre- 
sented in tiie annexed figure by C KB. Let EC be the 
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intenection of the plane BKC with the horiionlal plane, and kt CB be the line 
along whidi <he dtpphig-needle diepoflei itself. 
Join CO, OB, (O being the centre of tlu rircle and, of oonieqnence.of the sphere) : 

then the arc CKB measures the angle Co 15, vl ii fi is twice ihp angle E C B, or twice 
tlie dip of the free needle. This arc, then, is known from observations at several 
particular places on the earth's sorftce. 

Next, let the spherieal titengle ABC denote that whose vertex 
A is the geographical pole of the earth ; C the place of observation ; 
and the angle B that determined as above from observations 
made at C : and let the angle ACB denote the observed variation 
of the horizontal needle at C. Then we have the sides A C, C B, 
and included angle ACB, from which to determine the ooktitiide 
A B and polar eagle B A C 

We have therefore the polar aplierical coordinates of the point B, 
the polar distance A B at onro, and the polar angle by adding BAG 
to the longitude of C with its proper sign. 

I ahall designate the coordinates of C and B by a, /3, and a„ ^„ respectively, as i* 
done in my faipet on ^heckal Geometry in the cwdftti volnme of the Edinbotgh 
Transactions s • denotii^ the polar duitance and 0 the longitude of the pwnt 

II. — Given the dip, variation, wid geographical coordinates of the place of observation, 
to express the equations of the line in which the dipping-needle diipobcs itself. 

Let anrl 17 6„ i denote tlie coordinates of two points in space : then the equa> 
tions of the straight line through tiuun arc 




9 = f~^' * ~ 



But in the present case the points a, c, and a^, r„ arc on the surface of the 
sphere ; and if we consider the axis of the sphere to be tfu- axis of z, the intersection 
of the meridian with the equator to be the axis of y, and tiiat of the meriii an at right 
angles to it with the equator to he die azii of or, then ^, and being, as before 
Mated, the coordinates of the extreraitica of the cliord in which tlie dipping-needle 
disposes itself, we shall have, for determining the equations of tlie needl^ the follow- 
ing values of the constants : 

c, ss rcosi^ 

6, = r sin v, cos 3, 



a, ssr Baffin fi, 



b^^rria cos ^„ 
asrsinwysin^y. 



Hence the eqnatians of the needle talte the fidlowiiig forms : 
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COS «j) — COS a, 



in || _ dpjj^rfp cos - sin »,Atfi,C0Htu 



cos — COS «| 



(1.) 




_ MPgtfCotPM — sin gjCOtft sin g^, cos cos — simt^cosftcosatj, » 
CM% — eotn^ * cos«^ — ooa«| *** ' ' ' 

III. — Let M, N, P be the centres of three 
clipping-needles at known positions on the 
surface of the earth, and denote the poles by 
T and U. Then the needles will Brcange 
themietves lo m that each ahall be in a plane 
panng through T U ; and hence each needle 
prolcmged will cut the magnetic axis T U in 
some' point, as A, B, C, respectively. 

Take any point, O, in T U, ami refer all the 
points to thiii origin ; denote the several distances O U, O O C, O B, O A, by u, 
c, 5, a respectively ; the angles MAO, NBO, and PCO, by A, B, C; aadthedi* 
fltancee M A, NB, PC, by/, g, h. 

Then we hava 

MT>s(a-#)<-9/(a-0c(wA+/* -| 

M (a - »)« - a/(« - «) coe A +/» 

NT> = (»-I)*-3^(»-QcmB+^ 

NUs A (A - 2^(ft- ii)gosB 

P T> s (c - #)* - a A (c - 0 C + A> 

PUia(e-»)«-9A(c-«)00BC + i^.J 

Again, by tfie propettiee of a needle aulijectcd to tiie action of the magnetic poleK 
T and U> wv Imtb (those needles hdn^ small in comparison with its distance from 
those poles,) the following proportion<; : 

TA : AU : : TM^ : M IP i 

TB : BU :: TNa : N U» ^ (4.) 

TC : CD ::,TF i PU»J 

Inwrtinf In (4.) the values of the lines T A, ftc given in (8,)* we get the tbi«e 
equations 

a — 14 I (« — «}' — v — tt) cos A +y J ' • ' ' 

c - / _ r {c-ty -H(^c- () C03 c + h* \i - . 

«-» — \(«-a>»-«A(«-a)o«C+A»/ Y*^ 



(8.) 
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IV, — Giv«a the equations of the dipping-needle at three given places on the sarface 

of the earth to find the magnetic poles. 

Let N> P be the places on the surface of the earth| and d^ote the needles as 



foUowit vis. 

MA by «ea'»4<t' tuid y»y« + (3' (B.) 

NB bf «sd^K+«^' «Hiysi^z + |af (9.) 

PCby«s<^» + «^Bndy = A^« + |3^ ...... .(10.) 

and denote the magnetic axis itself (TU) by 

+ « and + jS. (II.) 

Tiien, since the line (II.) intenecta the lines (8.), (9.), (10.), we have the three 
eqitathms of coodiUoo 

(«'-^)(«f-T)« (Iff -^) («•-■:) (12.) 

_I) = (pf-p)(«»-S) (13.) 

(-f"-«)(4^-i5 = 0*-(3)('i^-5) (U.) 



Talking now as tlie unknown cooidinates of tlie magnetic poles»T and U, the sym- 
bols a, ft, and 4^ (i,C|^ we have a b, a (3, given functions of and a,^b„c,,\ and 
hence wc have in the equuti .ns just given three cquatious for the discovery of these 
six quantities which determine the poles. The three other requisite equations are 
thus derived : 

By means of (11.) combined separatdy and suocesdvely irith (8.), (d-)> i^^')> wc 
can find the coordinates of llie points A, B, C in terms of a, h,c^ and h^e^ and given 
qnantities d c^V ff, &c. ; and the coordinates of T and U are themselves a,(,c, and 

%K ^ir ^® hence have the several quantities a — f, b ~ f, r ~ t, a — ti, b — u, and 
c — u in terms of a, b, c, and a„ b„ t„. Also the distances M A, N D, P C, that iSt/,g, A, 
are also given in terms of the coordinates of M and A, N and Bj P and C rcspec- 
tivdy, and hence in terms of a, b, c, and a„ b„ e„ and given qnantilles. And hist1y» the 
eqnatioasof the lines TU and MA, NB, PC being given in terms of a,b,t\ and 
itfib„c,i and known quantities, the cosine of the inclinations of 1' 11 to each of them, 
that is, of the angles A, B, C, are given so sis to involve no quantifif^ tmt known ones 
and the coordinates of the magnetic poles, it hence follow s, that uli the terms which 
enter into the eompositloii of the equations (5.), (6.), (7-), are fuoctions of the coon 
dinates of the poles and of givm qaantities. The three remaining ceqnitite equations 
for the actual determination of the magnetic poles are furnished, then, hy those equa^ 
tions marked (5.)> (60> (70 ; the whole six equations which we have laid down 
being each, obviously, independent of the others under every comhination. 

Vw— The preceding processes show that the determination of the magnetic pules, 
thdr duality being admitted, as well as the eqmli^ of their intensity, can be d&cfed 
firom three observations of the nugnetie needle as to dip and aiimutbi and hence 
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that tlie problem is now reduced to a purely arithmetical state, requiring only the 
application of known processes, and perfectly capable of execution, for the actual 
assignment of the positions of the poles themselves. A very slight attention to the 
proccsaeB tbemBelTes must, hcnrover, oonviiioe lis that the operations will be yerf 
laliorioas i but at the aome time, the symmetrioal forms In which the two triads of 
equations are presented, might induce us to hope that agfcatcr dcgree-of frimplifi- 
cation would result in the final formulae than our passage through SO many operations 
could at first sight lead us to expect. Such, indeed, pro^ e s to be the case ; and the 
results are not altogether ilestitute of elegance, as well a» smiplification. Fortunately, 
however, there it* no necessity to e\ cu attempt the solution under the present aspect 
of the problem ; and having learnt from it, in its present state, the number of obser- 
vations neoessary for tlie determination of the poles, we shall excliangeit for anotlier, 
which is in some degree diflbrent as to general plan, and considerably man mmjgik 
in its requisite calculations. 

VI. — A neccssarv' consequence of the hypot!ir*;is upon which we arc proceeding, 
is, — that all the needUii must intersect the magnetic axis. If, then, we assume the 
coordinates of the two poles h^ c, and h„ we have the equation of the magnetic 
axis as beA»e, 



(15.) 



^ <"« - 

And if we take the equations of four magnetic needles, as 
jT s= a* z + «' and^ = 6' « + /3' 
X = a" a: + a" and y = 6" s + ,3" 



>• . (16-^10.) 

« = a"'s + a"'andy = 6'"z + ^" | ^ * 

X = a" 2 + a" and y = 6" z + J 

the intersections of (15.) with (IC — 19.) give four equations, of condition similar to 
those of (12.), (13.), (14.), from which to determine o, 6, c, and a^, b^, c,p vis. 

(•'-^^)(»-l^)=(<»-*^)(^-^>- •(«•-»«•) 

These four equations will determine tour of the coordinates, us a, and 
leaving die two others indeterminate. But still die law of force fim^hes four otfier 
equations from winch to determine the two quantities c,and { that is» a redundancy 
of equations, from whicli redundancy the remaining number maybe taken as checks 
of accurate calculation if the principle be admitted, or as tests of the tnith of the 
principle when we are assured of the accuracy of calculation and of observation 

By this method a greater uniformity of process, and a perfect synimetiy in iCispect 
to the quantities involved, ate obtained ; but still the process is very laborious, and it 

Sod 
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is probable Chat the leaulting equation wiH be of a higher degree than really b€li>ags 
to the proMem in to dired form. Ifao^ ItwUl eontab fordgnfiustoM, wliichit may 
be difficult to detect and peculiarize, so as to leparate them from the proper aolDtiaiiB 
of the problem. The method, besides, is not essentially different from the last. 

Annthrr diflSculty also presents itself here; nor is it tlie only one. Tlie mere in- 
tersectiou of the magnetic axis with the magnetic needle is not a test of the duality 
ID point of nofflber, nor of the equality of intensity in point of force, nor ie it confined 
lo any Imr of variation of force whatever $ and hence tiie mere intersection it not of 
itself sufficient for the determination of the question respecting the doality or the 
relative intensity of the poles. Still it is one of the necesmn/ conditions, though not 
the only one, by which the hypothesis is to be tested ; since the poles, being of any 
number, and of any intensities whatever, if situated m the tame straight line, wiU cause 
the needle to intersect tliat lin^ and hence render that i^enomenon incapable of de- 
termining the number, intensity, or position of the poles ; yet wherever this intersec- 
tion is not fulfilled the duality of the poles cannot be admitted, nor yet the position 
of the poles, however many they may be, be in one straight line. The determination 
of o, ft| c, a„ b„ Cu from the equations (20 — 24.) cannot then be effected completely. 

We shall hence proceed m the following manner. A straight lincj which ocmitantly 
touches three given straight lines, but undeigvung all the dumges compatible with 
that triple contact, describes the hyperboloid of one sheet. This surface being of the 
second order, will be cut by a fourth given line in two points ; and hence there are 
two positions which a line resting upon four other lines can take. If, then, we ima- 
gmc these four lines to be four different positions of the magnetic needle, and the 
line wUch rests upon them to be the magnetic axfa,we shall perceive at once that in 
case <rf any number of poles <rf any variety of intensity, and acting under any law of 
variation of force depending upon distance, the magnetic axis can be determined in 
position from four observations of the magnetic needle $ and, therefore, of coui-se, in 
the case which we are examining, where the poles are two, the intensities equal, and 
the law of force that determined by Michkl and Couiamb. 

Let us take as tbe equations of the magnetic axis and four of the needles, respec- 
tively, the following : 

X S3 a z +7i andjfsl x*f]l 

xs^ « + andy»i^* + |3^ 
«B4^s-|-<^ audyBV"x + r' 
« = + andysi'^Ai-f (T.J 

Then tliecondition» (bat the first of these intmects each of the others dmultaneoody, 
gives the four equations, 

(•r-^)(y-i)a(j*-p)(4/-a) (30.) 



(95—29) 
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(«"-«) (A" -6) = (P" - ^) («" - «) . . . . ." ". , . (31.) 



Hiib reduction is easily eflfected by iobtncting ihe first ftom each of the others^ in 
which case we obtain eqaations of the first degree, giving each of the other three 
the quantities alTit^ in terms of the fourth, as of iiil These substituted in any one 
of the four equations given quadratic equation invuMnga; and hence we obtain 
two values of a, and hence again of b, of », and of |3. We should then obtain, by a 
simple and direct process, the equatiotis nf the magnetic axis. 

The next inquiry i^ into the significatiou of tbiM double rt:sult. Are there two mag- 
netic axes which folfiil the condition ? If so^ are they both occi^ed by magnets ? Or 
if not, wliy is one to be selected in preference to the other? Can thqrboth belong to 
every qnadruj)h^ combination of the magnetic needle? 

The last question may be answered at once. If they both belonged to all the com. 
hinations of the needles, then they must form two of the directrices of a rule surface, 
to whidi thenoedica thensdvea were always tangents. The third dbectiix not bdng 
yet filed, there is no inconsisteni^ in tlie condosion thus derived j fbr the needles 
are at llber^ to rest npon any nu^jnetic surface, whatever be the number or intensity 
of the poles, or ■«\ h:itcver l)e the parameter which determines the particular stratum 
of surface which corresponds to the place of observation on the sphere. There is 
hence nothing to prevent their belonging to every position of the magnetic needle, 
io ftr as we at present can discover ifrom the conditiuDS in their arbitrary fwm. 
How far this is consistent with the particular data is another qnestion, and ^11 be 

presently discussed. 

Tiiere is no necessity that they should be both occupied by magnets ; and it is at 
once giving up the duality of the p<^e8, and even their being situated in a right line, 
to make such an hypothesis. Tbteg are botii, it is tmc^ solutiona of the algebraical 
problem wimb we have proposed \ but as the algd^ndcal rardy includes aU the omi- 
^tions of the physical problem, it is easy to suppose that one of these solutions may 
be foreign to the inquiry, without violating our knowledge of the nature of the re- 
lations subsisting between the algebraical and physical problem. To prove that it 
actually ifa fineign result must be subsequent to the determination of the particular 
values of the coefficients of the quantities involved in the iaqmiy. All we can say at 
present is, that there are two axes which fulfill the algebraical omdition s but as there 
is only one which enters into the physical hypotheses, one of these two algel>raical 
axes mast be rejected. We cannot, lutu i vet , ascertain which, except by other con- 
ditions than have yet been taken into the formula. Fur the present, then, we can 
only compute tiiem both, and take that which best answers to those other physical 
cmidltioiH of whldi the tdgebralcal problem has taken no aooonnt 



(•'• - •) (6« - J) » ^ 0) (a« - 55 
- •) (ft" - J) « OJ" - /I) (a" - a), 



(82.) 
(83.) 
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VII. — Having obtained the ^nations of the magneUc axis by the detenmnalioii of 
a 7 « ^ we may put the rectiliiiearity of the poeitioDS of the poke to the test at once. 
For if we take a fifth needle 

« » X + and y s 6* « + jS* (34.) 

and combine it with (S9.)> 

so as to ascertain whetiier they intencct or not, by meana of tlm eqnaHon of condition 

(i'-l) = or- "p) fl) (35.) 

Tlie iq»pronniatioii to a falfilment of this oonditimi for a' a^ derived from all the 
otiier observations tipon which reliance can be placed, and to the extent of the probaUe 

accuracy of those observations, will establish this hypothesis to the same extent. 
In order to estimate the real amount of the error in the application of this equation 
condition, we must recollect that the formula itself is derived from that which 
l^ves the diortest distance between two given lines, vis. 

D (dist.) =^±^': - - - 1} ^"^ - ? (36.) 

Henc^ in order to estimate the number of miles which the needle would be from 
fulfilling' the condition, we must calculate the denominator of the fraction (36.), and 
divide the result of (36.) by it. By then calculating the angle which D would sub- 
tend at the place of observation, we shall be in some d^ree prepared to judge 
whether such an error might possibly ham arisen from naskfUU otasmtioD, the hn- 
perfect strncture of the hutrnment, from any jHiobable feologioal or meteorological 
causes, ui- from any temporaiy local disturbance. Or, conversely, were this line satis- 
factorily determined by a g'i'eat number of tests, and the instinnient and observer 
well prepared for the task, then we should be able in some degree to estimate the 
amount of the disturbing forces that climate, geolo^cal structure, and local attrac- 
tion do actnally exert at that place, and periiaps in some cases also to fiMrm a pro- 
bable c<ni{}ectare respecting the separate contiibtttion of each of these causes to the 
total amount of the disturbance. 

VIII. — Let u.s now suppose the magnetic axis satis&ctorily determined and test^ ; 
and proceed to inquire whether the poles be two or mor^ and whether equal or nn* 
equal in the intrasity of thdr action : and in the first ^ace we shall suppose the 

intensities equal. 

Recnrring- to the figiire in (III.) and the conditions that are tabulated, as (5 ), (a.), 
(?.)» we have the quantities designated us a, b, c. A, B, C,y, gt A, and the correspond- 
ing ones for any number of points &c from actual observation and the 
calealated equation of the magnetic axis. IVom any two of these, as (6.), (6.), we 
then shall he able to compute t and «. The remaining equation^ whatever be thdr 
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number, will serve M tests of the truth of the dual hypothesis with the poles of 
equal intensity. 

It will be the most convenient method of taking the point O, to assume for it the 
intersection of the magnetic axis by the perpendicular from the centre of the sphere. 
Having, then. Hie distances of the poles from this point, and the equations of the line 
in whicli th^ He, we ean eadly determine their ooordinates, the great object of onr 
inquiry. 

If can be no objcotion to this process that it necessarily reqtiires the solution of 
equations of a high cider, since it is only the solution of it in tiie case of given nu- 
meral coefficients, and not with literal coefficients. The method of effecting these 
solutions with rapidity and precirion ts now well known, and need not here be dwelt 
upon. We Shan have occasion hereafter to employ them In the numerical solution of 
this speraal problem*. 

IX. — If we suppose the intensities unequal, we can assume tbpir ratios to be that 
of F, to F„, or R. The relation wpon which (5.), (6.), (7.),. .. ure fouiuli d no longer holds 
good in this case. Nevertheless, by reference to (XIV.) we sec that the difference is 
only in the numeral coefficientB of the eqnattons, and not In the form or Hie number of 
terms, or in any circumstance that alters fai the slightest degree the labour or the dif« 
ficolty of the actual solution. We have however, in consequence of the new quantity 
R which is thus introduced, to employ one equation more derived from observation -f-, 
and one only. Hence f5till in this case, too, four observations are sufficient, not only 
for the determination of the actual position of the poles, but also to tumish a test of 
the accuracy of the hypothesis. As a method, then, this also is complete, and the 
problem is folly broi^ht irithin the reach of known and fiimiliar operations. 

X. — As a specimen of the method of computing the equations of the magnetic 
needle, I have given calculations for Chauiisso Island, Valparaiso, Paramatta, Port 
Howen, Paris, and Boat Island ; and that the whnlc process may he distinctly seen, 
1 have also given the equations of the magnetic axis itself as deduccti from the equa- 
tions of the first four needles, and a comparison of the result with the Pans needle. 
That result is not very bvonrable to the theory, provided the observations tiiemselves 
are oonsidncd trustworthy. But since these philosopherB who have had most est.' 
perience in the use of magneticai instruments, and especially of the dipping-needle, 
are most strongly convinced that there are errors attached to all our present insfm- 
menu and modes qf observation whose amount vitiates any result obtained by them, 

• I refer, of course, to Mr. Hor.ver's method, published in tlie Fhilosnjihicul Transactions for 1819, and in 
the fifth Tolttme of Fco£ea6or LBTBouitN's MftUiematical Bepoaitory. U is luinecewaiy to add, that all the 
^gketitt mAois of nlatloil of algebraical equadom Oat Iwfe nice appeared have been b«tt initationa of 
IBx. Hoama's, howerer much the notation and form of the reasoning employed in them may diflfer from his. 
t Or if IK aedi to dstonine tte ictual nifaw «< F, and F« ve ahaU «^ 
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I have not thought it necessary to add any further discua^on of the question in tb? 
present itafeof ny invwtigatioiMylnasraach as till the remits can be euared as 
affected by extnmeoos sources ci error, all methods most alike be useless, since they 
are aSke dependent upon data that are at least unsatisfactory if not erroneous. There 
is some reason, however, to hope, since the attention of the scientific world is now so 
intensely tamed to researches of this nature, that there will at length be discovered 
some methods of observing which shall be free from this class of errors. However, 
tin this is done, it would be useless to attempt the ^os^ of the present or any 
other method <tf mathematical investigation into its numerical details: and the ut* 
most we can now perform is to lay do^vn methods of hwcstlgation by which, when 
satisfactory expeiimental data are obtained, the question may be brought to a deci- 
rive test at once. 

I should also state hen, Ihaft in oonseqnenoe of the great lahow attendinff the csil- 
culations of the axes, I have been led to examine the method of oonstmction by de- 
scriptive geometry, (especially on account of the facility and the conriderable degree 
of certainty which may he attached to its solutions,) of the problem of describing a 
line which shall 7-esf upon four given lines. In any case where the data are so uncer- 
tain as the present, such a method is sufficiently accurate, since in very few cases will 
the errors of oonstmction be probably near so great as the tsnn in the data them- 
selves. The geometrical problem itself is not in practice so simple as oould be denred, 
at least by any method yet made public, but still it offers far greater facilities than 
tlie algebraical one. It has, moreover, one important advantage which the algebra- 
ical has not, viz. the ready and visual exhibition of those cases which are unAt for 
this method, or those in which a small error fai the data will greatly increase in the 
result. It slionld hence he always used before tlie algebraical. No doubt the alge^ 
braical method may be rendered subserrient to the same purpose, but then the mc^ 
thod is intolerably operose, and hence, practically, almost useless. 

By employing such constructions, I find that there is a greater degree of approxi- 
mation in the few magnetic axes which I have determined by them from existing data 
than appears compatible with any othw theory of the constituti<m of the terrestrial 
magnet than that which confers the magnetic fbrce situated in two isolated centres 
or poles. By this I M ould not be understood to say that the approximation 5s close, 
but simply that, in coniparison with all the positions which lines may take, there 
seems to be oae region of space, in reference to the coordinate planes or planes of 
projection, into which they dispose tliflmselves, but dispose themselves very irregu- 
laily in it. 

As I expect to be favoured, by the kindness of my distinguished colleague Mr. 
Christib, with the results of the observations of the late lamented Captain Poster, 
I shall probably resume this branch of the subject at an early period ; and hence any 
further details respecting these constructions which may appear necessary will be 
with more propriety induded m a Ihtnre than in the present paper. 
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TTie equations of the magnetic needle for different places, in reference to rectangular 
coordinates, when the geographical coordinates, dip, and variation are given. 

Let A O A' be the meridian of Greenwich, 
E O Q the equator, C the position of a pboe 
where a magnetic obflervatioii la vaud^ A C B 
tlie Tariation, and B C equal to twice the dip 
of the needle. Then B is the point on the 
surface of the earth towards which the dipping- 
needle is directed, and that in which the straight 
line which coincides with the needle intersects 
the earth a second time. 

Estimating (as is done in my paper on Sphe- 
rical Loci before referred to) the poatttons of 
places on the surface of the earth by means of 
the polar angle C A O and radius-vector C A, we 
have the coordinates of C directly from observation; and by means of the triangle 
A C B, whose sides B C, C A, and included angle A C B are given, we can compute 
the coordit^tea ni B. Denote the polar distance and polar angle of C by u, and 
thoseofB by ft^jS^ 

In the next ^ace» bj the employment of equadons (1.), (9.) of we may obtain 

the equations of the needle, referred to three rectangular axes, the coordinate planes 
of which are the tiu'riflian of Greenwich, the meridian of i 90°, and the equator. 
The results for ilir dwierent places before mentioned are gfiven in the last column 
of the following i able, llie construction of the Table itself is indicatedat the head 
of each oolnnin, in a way that renders fiirther explanation umffioesaarj. 
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XII. — We may now proceed to compute the equations of that straight line (or lines, 
for there are two, but determined by the same seri(«? of processes,) whicli rei«ts upon 
any four of lines determined as thitae in tlie luat i>ection were t'uuiid. Thm we shuli 
take as an instance Cbamisso, Valparaiso, Paramatta, and Port Bowen^the eqaations 
of which are given in the "nible. 

Aesuine as the eqaations of the magnetic axis the two following: 
X = as-|- <(y 

and denote the several equations of the needles by equations of the same fonn, but 
with the constants accented, viz. a' b\ «'j3': then the conditions of intersection will, 
in each case, be expressed by the eqnatitm 

(«!_«) (y- A) _ (p' _ ^) («f = 0. 

The insertions of the actual values in the four cases mentioned abo?e behig nuufej 
and the vincula thrown open, we obtain 

'0569120 + *690471 « — 'OSISSS jS + <S48470 a -H '051636 ft + • A — a jS s 0, 

—•911471 — -621395 a -3159030/3 + '206769 c +2-518180 & + a6 — fl|3 = 0, 
•473005 — 7-3498G5a — :V ll8875i3 +3'303313rt 4-1-500120 * + ai — n ^ = 0, 
«--008188 — -03461 1 « - 278; 16/3 - •027756 a + '023702 b + ub — 0^ = 0. 
Sobtracting each of the last tliree of these from the first, we obtain 

bss •391938 4- -531872 a 4-1-247954^ 4- -017024 ff, 
ft= — -288008 4- 3 550860a 4-2-304000 -2' 150420 a, 
^ae — 26*957900 « — 7'<N»9053^ -0'88fl600a. 

Subtract the two latter from the former of tliese, then there result 

a= -•371264 -2*674164 • -'SaMOS^, and 
as --318706 +1*302881 « +*487231fi. 

From equating which values of a we obtain |8 s *0320I9 —3*067660 m. 

Insert this value of /3 in tliat of a, and we find a = —'298105 — -101756 
In a similar nuinncr, from the proper substitutions, 6 = •42GH22 —3-288083 a. 
And inserting all these values in the first of the four equations, that of the Cba> 
mbso needle, we obtain 

— *071009» s '003821, and hence «rs *03650& ±'071374. 

Tbtb two pdrs of equations which result from this oalculation, then, as those of the 
mugnetio axis, are 

« s - '308070 M +' 106779 r, I and » » —294466 m —036760 r, 
'075782* -*296638r| | ys» '644430 x +'141744 r; 

according as the + or — ngn is taken in the valuatkm of cc. 

In the same way we may proceed to find the magTietic axis which would accord 
with any other four observations, and by a comparison of these ascertain whether the 
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discrepancies were such as to admit of account from the errors of observatioa and 
the imperfiactioa of instrameiitB. Howevwr, it is much simpler to aaoertain whether 
the axis thus determined agraw with the observation made at a fifth orarixth place. 
Let iu take the Pbrisian needle as an instance. 

By recurring to equation (36.), and putting the values of and a /3 just deter- 
mined arx! those of 0*4" and i^" tonnd in the tablr of section XI. for Paris, vre have 
the Itiast distance between the I'ai ihiau needle and the magnetic axis cither '173341 r 
or *189&40 r, according as the + or — sign above mentioned is employed. 

Ihese are between a fifth and a sixth part of the terrestrial radios. We may now, 
were it necessary, seek the c(X)t dinates of the pconts in which tlie line of shortest 
distance intersects the. two difft rt nt maf^ctic axes and the Paris needle, and thence 
the equations of the Une'^ drawn from those points to Paris, and thence again the 
angle formed by the Paris needle, and each of the other lines : that ih, wc should find 
the error of observation in the Paris needle If we suppose the magnedc axis correctly 
determmed from the other four needles. Bnt it is nnneeessary to go through the 
compntations, as it is ea^ to see that this angle will not be Tory different from (bat its 

difference, whatever it be, will he gfeaterthan it,) tan'* '173341, and tan"' 189540, 
that is, about 10" or 11°. The discrepancies in everj' otlier ra'^c that I have tried are 
as great a.«, and iu most of them still greater tlian, in that jast examined. I'tie further 
prosecution of this branch of the inquiry, with our present data, must therefore be 
abandoned. 

XIII. — So fiir as method is concerned, the previous processes are perfectly a^ftptH 
to decide the question of the duality and the equality of intensity of the magnetic 
poles. In the abscni e, however, of data upon which full reliance can he placed, we 
are not at present uiiie to apply that method to the actual circumstances of the earth. 
It hence becomes desirable to examine certdn other phenomena, to ascertain whether, 
in fhdr general bearings and character, they also are oompatiblewith the hypothesis 
of two 8uch centres of force. These are: — the points at which the needle becomes ho- 
rizontal, constituting the magnetic eqnntor ; the points at which the needle becomes 
vertical ; tlie cui vcs of equal dip ; the Halleyan lines, or curves of equal variation ; 
the lines of equal magnetic intensity, or isodynamic lines of IIanstekn ; and those 
particnhur cases where the feodynamic line is reduced to a point, which canstitnles 
the "pole** in the language of HAMnnsN and a ooDsiderBble number of modem writers. 
The first two of these I shall examine in the present, and the remaining ones in a 
snbsequent paper. I tlien propose to enter into a minute numerical discussion of 
such observations as I may be able to obtain in tlie intet iui ; and of course attempt 
to ascertain bow far any one may be vitiated by instrumental or local circumstances, 
and how fiir the geometrical peculiarity of the observation itself may render it unfit 
fbr our present method of investigation. 

I do not propose this conrsc without being fully sensible of the difficulty and 
labour it entails upon me i but at the same time I feel perfectly assured that any 

2 H 2 
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Mfii«tfHiw wbich it ia in the power of men of sdence to alR>rd wOl be fredy ollered 
me ; mid o^edally in Ainnaliiii£r such obeervatioos as they thenndres place mo«t 
rdianee od, togetlier with the circnmstaiices under wlueh the obaervationa wtn made. 



XIV.— Ok Hu Magnetic Cmve. 

Let F, and F,, denote the intensities of the forces 
situated in the two poles T, U ; and ,3 the angle 
wbich the needle, subjected to the action of those 
fiMces and situated in a given point N (x^), would 
make iiith the ads of (r) the magnet ilaelf. Let also 

r„* = y^ + ix- a)\ 
Hien the usual cuni^idci-utiuns give us 




F^(x-a) 

r* — 



= tan/3. 



(37.) 



But if we represent tan ^ by we shall have the diiTerentiai equation of the curve 

to which the needle will be a tangent, and which passes through that point, «y. To 
find the equation of the curve itself it only remains then to integrate 



r* r ^ ay 



(38,) 



Multiply the numerators of ail the terms ot the first side by ^, and uko niuitiply 
out the doxmiioaAors ; then thaw irill result 

r, r/ 

In the former of these numerators add and subtract F, (x + aydx, and in the latter 
¥u {x—a)*dxi then we shall obtain another form^ which is immediately integrable. 
It is • 

{;/ + dx-F,{x + n) {ydi/ + + <>/ ix} 

the integral of which is 



e_ 
a' 



in whidi is the arlNtraiy constant uddch partifiolariset the individual curve we 
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■nay have occmIoii to oomrider. It detennuuible from any one concUtioii; «S 
paadng tiirovgh a given point, toucliing a givm linc^ &c. 

But and ^ - are the codncs of the ancles which llie directionB of the com* 

ponent foraes make with the a»t of df, that ia,with die magneUc axis; and henoe, de- 
noting these by i^, f,^ (Imng estimated from the same branch of the axi8f) we shalt 



F,co«tf, + P„coe#j, = 2coB/3', (40.) 

where as ooe~ ^ 
Hue equation having the values of r,, r„ and B restored, becomes 

which, when dpprivpd of its radicals and denominators, is of the eighth degree. 

We might, however, obtain this property in a ditfcrcut manner ; and a8 it also fa- 
rilitates the investigation of one or two other theorems which we shall require bciv- 
after. It may with propriety be added here. 

Let T and U be the poles, N the centre of 
the needle. Let, as before, the forces be F, ^n^^ ^ ^ 

and F„ ; let T N S and TT N S, the angles made ^ ^ ^ 




by each of the component forces and the re- / q 

sultant one, be called A, and A^, respectively. 
Let and be the distances TN, NU, and 
4)^f«theBi«1eBNTS^NUSs andtakeNibs ^ " • 

F F 

^ ; and complete the parallelogram Nftn?. Then Nit Is the position 

of the needle. Produce it to meet the axis T U in 8 ; and draw the perpendiculars 
T K and U L upon N S. Hien by the composition of forces 

sin J, r_ sinpNrtI _ _ ^1 _ F,, rj v 

Denote now the angle NST by 2, and TS^ U S by # and n respectively. Then 

""'^i — Ii — ilu- . (43 ) 

or by comparing (42.) and (43.), we obtain, 

l^-Y.'T^" ■ C*^-) 

a rdation which, when ±.F|, as o, is already known*. 



Vide Li>i.ik'i Geometrical Analyns, art, " MigBdie CurW j or Ifr. Bliunr't Ikntiw on] 
ia tin SatjoLofmiUk MdnpoUtu^ p. 794. 
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Represent wm the perpendiculars by p, and p^, and then, by the common formula 
for the inelinatioii of the tangent to the nwifais-Tector, ve'hare 

Hence 
or 

or again, wiue ^ = ^t'^ ^* becomes fmally 

sin 0, J 6, + F„ sin i^d^^ s= 0, 
the integral of which, as before, is 

F, cos 0, + F„ cos 0^, = 2 cos (3*. 
If now we take F, + F^, = 0, or F^ = — F,,, we shall have our formula simplified, 
at the same time that we adopt tlie hypothesis which seems best to accord with all 
we yet know of the disposition of the forices in the artificial and also in a natural 
magnet } and hence it is the most appropriate awumption we can make reflecting 
the oonstitiitMm of the tematrial magnet itedf. We shall thus have 

roR ^1 — cc? = 2 cos (i, 
M'here cos f3 = cos ii ; or, since one of these angles is crtenuil to the triangle N T U 
formed by the magnet and its polar distance from N, we may substitute instead of 6^ 
itg fittpplement, and then the last eqnation wfll take the foaa. 

cos, 6„— 2 CiM ^ (45.) 

This pi o^K I ty was originally given by Professor PiAyFAm in Professor Robison's 
artkle *' Magnetism * published in the Fint Supplement to the Encydopaedhk Brftaa- 
nica. See also Robmon's Mechanicol Philosophy, vol. iv. p. 350. Professor Robison, 

fr om one or two passages in his writings, seems to have entertained some idea that 
tiicse curves could be rendered available to an explanation of the phenomena of ter- 
restrial magnetism ; but I do not recollect that either he or any one else has sug- 
gested kam this was to be accomplished, nor, much less, attempted to actually ac- 
complish it l>y sodi means. 

XV. — If, still considering the axis of the magnet as the axis of x, we conceive the 
magnetic ciirvt- to revolve about that axis f-o as to describe a surface of revolution, 
its equation obviousiy is obtained by putting -f instead of in the equation of 
the generating corre. lliat is, the magnetic surface Is expressed by the equation 

In this equation of the magnetic surface, a, or half the length of tlic magnet, is 
constant, and r is arbitrary, giving different curves according as the value of that 
parameter is varied. 
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cos »^ = — 



. Again, ^use we Cttii.refier iboBitarbioe, or any one <^ its id^dional sectioiiSy to «ny 

new system of coordinates, we may conceive the last equation (46.) to be so trans- 
formed as to represent thf snmv. gwmetrical surface that it now does whilst it is re- 
ti'rred to the centre ol the earth as the origin, and to tlie iimtuaJ intersections of tlie 
equutur and two rectangular meridians as axes of courdiuales. This traubfurniatiou, 
however, by the usual processes^ would be extremely difficuitH~perhBps impracticBble 
— on account ot the labeur it would reqiute ; but this labqnr may be almost wholly 
avoided by means of the property (Platpair's) of the curve referred to tbejiolar 
angles expressed in equation (45.). 
Let the coordinates of the poles T and U referred to the above-named axes be 
A, c, and a„ b., c„ respectively ; and the individual curve defined by the parameter /3. 
Theii viewing 6^ and O,, as the two tnternal anglcis, we shall have 

_ (a,-x) (g.-g,.) + {b, - y) ib,-dj^H-(cr-z) (c,-c„) ^ 

and 

(«!.-*) -K*tf-y) (b,-b„)-¥(cu-z) {c,-c„) 

From (4.)i (IS.), and (18.)f we have at once the equation of the snr&ce, vis. 

(x - n,) [n, - flj + {y- [h,- fcj + [- - (c, - cj 

- ajr + j[y - + 

(jT - itj [a, - o J + (y - &„) {b^ - b„) + (z - fa - ^ (49.) 

V(x-aJ« + (y-6„)»+(r-i;^« 

=±a coa^^(a,^ o«)«+ (c,-c.)«« ±4aooi^^ 

This equation, deprived of its radicals and denominators, like the equatim of the 

generating curve, is of the Vghih order. 

Now by vai7ing the parameter (which defines the particular surface upon which 
the point we are considering is situated,) by minute increments, we shall have a series 
of tiiin strata, each of which is isolated and independent, and which, collectively, ex- 
tend' through all space. If, therefore, we conceive tliet»e strata to be infinitesiroally 
thin, we may consider the magnetic influence extended over a series of surfaces, 
each of whieh has the property of being touched by a small needle phwied at any point 
in that surface. If, moreover, we concdve the sphere and each of these aur&ces to 
be cut by a series of meridian planes passing through the magnetic axis, we shall 
always find some one tnajnictif^ curve on each side of the majenetic ?\xis which will 
touch the two segments into which the ma^etic axis (prolonged 1 m ssury) divides 
the circle lying in that magnetic meridian plane. At thene points the needle will 
touch the sphere, or, which is the same things if will be horiaontal to the earth ; and 
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as there will be such points in each of the consecutive meridional sections, there will 
be a MHies of consecutive poiote on the tinfiu» of lihe eafth at triudi the needle irill 
be borinntal. Thae points lie in a eoatinnoos oorve, which has been called the tiag- 
Netfc eyiwAr ; and ve proceed to tnqnife into the diaiaeter of that carve. 

XVI. — On the Magnetic Equator. 

Let T U, as before, be the poles 
of the terrestrial roagnet, and TN U 
that one of the magnetic carves 
which toQches the corresponding 

magnetic merinyan of the earth 

QNRin N 

Put for the iiKiiiu nt the equation 
of the drcle Q N H under the gene- 
ral form 



(60.) 




and denoting hy ij-^o and g„0 the 
coordinates ol Q and R respectively, 
we shall find 

c = and r2 = 4* + i}^)* (61.) 

Inserting (51.) in (50.)j and reducing the equation, the circle is toally expressed 1^ 

'^-gTg,x + g,g„-^y''-'ihy^i} (52.) 

1 tiis involves the arbitrary quantity b, which is the parameter upon which the idea* 
tical circle depends. 

Since this circle is to touch the magnetic curve at some point N, tfie values of ^ 

derived from the equations of the circle and magnetic curve at their common point 
{ry) must be equal -, and as the arbitrary constant in the equation of the taagnetic 
curve vanishes by dilierentiation, we shall have three equations between wluch to 

eHminate the indeterminate quantities ^ and b. This elimination will leave one 

equation between i and which will designate the locus of the point N. 
By dilferentbting (62.) we obtain 

And the differential equation of tlie magnetic curve is, from (38.) and + = 0, 



7x x-f a 



x—a 



(54.) 
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* 

Ako^ from (62.)> 

2(,_*)=.4lllil±iI^£:iMi, (5fi.) 

Insert (55.) in (53.) ; then there results, after combining (53.) and (54.) and slightly 
reducing 

(x + ^) r> - - a) rj* - - s* + ^, + a - g,^, 

which is a rectangular equation to the curve which is traced out by N. It separates 
at onoe into the two components 

y«0 (57.) 

^» - * y,-^ £u-** 

whidi last is readily redneed to 

(* + «)■- r* « f (*-«)« - r*. (69.) 

Squaring both sides, and restoring the vnlnes of r, and r^, it becoracs an equation 
of tiis ninth order ; in which, arranging aeoording to poirers of jr or jf, the coefficients 
l>ecome very complex, and altogether nnnianageable by any of the usual methods. 
It is of the form 

(jr-^:T7):y* + Ay5 + By* + C.y2_i.D = 0, .... (60.) 

where A, fi, C, D uru functions of which in all cases render the terms not 
higher than of the ninth degree. 

XVII.^'Tbough we cannot onnptetdy discuss the course of the curve and the 
cfaanicter of its singular points by means of this eqoalimi, we may yet learn some 
particulars of its general features with considerable facility ; and as thqr will be of 
great use to us in our futurp inqnirics, we shall insert them here. 

1. Since ;y appears only in even powers, the curve is composed of pairs of bmiiches, 
such that the branches in each pair are equal and symmetrically disposed with respect 
to the axis of 

3. Since jr app<>ars of an odd deii^rcc, tliere will be at h ast one real value of « for 
every value of y, whether ?/ be positive or neg'ative. There will at least be one pair 
of equal and syiutuetrieal brandies, ant) tliest' liianehes will be infinite ones. 

3. (Since {if-) appears of the fourth degree, tiiere may possibly be four values of 
for every specific value of 4* ; but tliere cannot possibly be an odd number. Of these 
irar possible roots any number may be and the corresponding values of y 
itself be still impossible or imaginary. But by art. 2. there must be at least one pair 
of real values of y, there must be at least tuto real values of yS one of which must 
be +, for every value whatever of*. 

4. Also four is the greatest number of pairs of symmetrical branclicb thut can exist. 
6. If tlie system be made to rev<rive round tlie axis of symmetry (that of it will 

Mncccxxxv. 2 1 
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geneiate u imuiy sWeti of ■nrftoe at tfaen an teiaeliM in tike curve ; but as the 
syninetrieal brandiefl of the cnm gcneiate Biq)erpoBed dioets of turfiwe, or dweto 
which are geotnetrically identical, the amober actoallj described is only half as great 

as fHp number of brancfic';. There may hence be one, two, three, or four sheets of 
Hurtace generated, ac( on iing^ as one, two, three, orfourof the values of^y^ are real and 
positive ; and upon any point in one of these a minute needle being placed, and a 
dide described through that print and tiie ptrfnte Q R, tbe needle irill find its re- 
poee in that phuie, and be a tangtnt to the drde at that point. 

6. The intersection of these four sheets of surface with the earth's surface would 
give four separate and continuous lines upon the siirf;u-f> of our ^lobe , upon any point 
of which the needle being placed, it would be horizontal. In other words, there may 
be four such lines as that which has been denominated the magnetic equator. 

7* Obeervation, however, eeemi to indicate only one single branch of this inter- 
section; though it must be confessed that the greater part of the observations, and 
the mode of determination of the j)osition of the equator, are far from satisfactory. 
The great difficulty of procuring' good instruments, and the almost e^jually great 
difficulty in making a correct observation with any instrument whatever, at places 
whidi would |^ve results free from susi^cion of foreign and local sowoes of errort 
tbe eittremdy small nunber of obserrations actaally attempted, and the very hypo* 
tbetical character of the formula by which the equatoris determined from ol^rvations 
made on either side at the distance of a few degrees ; al! these reasons, and others, 
i-ender the delineation of this line, as laid down by M. Mori.st, very far from satis- 
factory. The four branches may indeed be easily conceived to lie so near to one an- 
other, that of points which have been aetnally observed or Inferred from observation 
and theoretical reductionsb some might be In one and others in other branches of the 
fourfold system of lines; and hence that the spherical polygon traced through these 
might not be in reality composed of chords of any one single l)fanch of the system. 

8. It therefore becomes necessary to examine the curve more minutely as to tbe 
number and circnmsianocs of the branches of whidi it is actually composed on any 
hypothesis which Is consistent with the other phenomcmi to be aeeounted toe. Since, 
however, the general equation in terms of x and y is altogether unfitted for our pur- 
pose, and the rquation between the radius vector and polar angle offers no simplifi- 
eution in the t u lu of the exprespion, I was led to attempt it by examining tlie relation 
which subsislii between the anglcii made by radiants from the polca to points in the 
curve, with tbe line joining the poles. This also proved almost equally usdess in 
respect to the porpose I had in views but upon trying the radiants thenndm the 
object was completely attained. 

Renunii^ equation (59.), and cecoilecting that 
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and putting also for abbreviation (and at the same time retaining the bomogeneity 
of the equations into which these terms enter,) 

we liave (59.) converted into 

(r»-A«)V-.(r,«-A*)r3 = 0; (61.) 

or, arranging tbem in reference to r,^ it is 

rrf»-,7^i..r„«=-;j^ <«.) 

' For write r + f^^^Ti^* vid the equation (62.) becomes 

. rf.r _ gr* ^r,' . 

which is a ciAnv eqitaHon wanting the second term, and which for accommodation 
to the usual notation iuuy be written for the moment thas : 

r* — 3cr = 2rf. 
Then we have 

.>+4'= "'-.M-,^^|,;i^;^--*Y) («.) 

Nov in the ease before its, pntUng ^,^-(9-^0) mdg„ » (« + e^)> wlUdi, rince 
the poles of the terrestrial magnet bdng eitherioifAtM oripoR the wrfaeeottitu earth 
ie always die case hi natare, ire have 

amd whfaih equations, since a, a^, and a^^ ure essentially +, are themselves essen- 
tially — . These values of and A-^ inscrird in (30.) render the whole value of 
-f- ^ essentially +, whatever the value of r, may be. There is hence onr pair of 
symmcti-ical branches indicated by this method also, as in the former. But in addi- 
tion to this we learn at once that there b on^ one sndi pair; since when the root is 
given by CAaniAM*s fonnala, (which is the case lierr,) that root is the only real one*. 

9, Hie conclusion is now established, that there is only one sheet of the tangential 
sur&ce compatible with the actual condition of the terrestrial mag-net, and hence only 
one line of intersection between it and the eatth's surface ; or, in other words, the 
magnetic equator is one isolated <md cmtintunis line on the surface of the earth. 

10. iUs<s shiee from other comnderations it can be shown that the two poles are 

* LAaiAMas'i tert might have been m^i^ajfA iaatead of thiai bat m that appesn to be MMcdiiiig ttoi* 
labonm*. I have pccfemd the |ueHJil one. 

9t3 
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not in the same diameter of the earth, nor equally distant from the centre in any 
chord of the eaith» the two axes of revolntkm of tiie qrfiere and taagentud enrlhoe do 
not coinddo ; and hence thnr common intenectkm is not a plane, nor its trace on 
the sphere, that is, tlie magnetic equator, a circle of any magnitude whatever. It is 
therefore a rurve of double curvature. The conclusion, therefore, deduced by BioT 
from Humboldt's observations, and the conclusion deduced by Mohlet from the 
diseusaion of all the observations he could collect from authentic sources, are quite 
condstent in this respect with the hypotheds of the duality of the poles. 

11. The discussion of any further cases of this problem need not be given here. In 
a gcometricul point of view tlio discussiion would he interesting, and under tliat aspect 
this {Kiper would be in( oini)U'te without tboni ; but as they have no bearing u[>on the 
main object of tiic present research, and are moreover so perfectly analogous to those 
we have just given as to offer not &e alij^test difficult by the same method which 
has been here employed, any further notiee of them would be altoigether superfluous, 
and irrelevant to the purpose we liave in view. 

12. It is to be remarked, however, that these results arc true only on the hypothesis 
of the forces in the poles being related by the equation F, + F„ — (>. I 'rider any 
other condition than this the highest power of x would not disappear from equation 
(59.); and hence tlie equation would be of an even order, and hence the branches of 
the magnetic equator would be two at least, and ^Iwajrs an even ntaabtsr. The op- 
parent .v<h^/«i«v«, of branches furnished by observation is a strong argument in favour 
of the duality of the poles and equality of their intensities; but as the method by 
which the magnetic equator has been laid down is far from satis&ctory, too much 
reliance should not be placed on this argument, decidve as it otherwise would 
certmnly he. 

. J3. The equation of the tangential surface aod the equation of the sphere would 

completely define that line considered in rtfrrenee to rectan^lar coordinates -, that 
is, in the usual manner of considering the equations of linr'; situated in space. In 
the form of the equatiou of tiie locus of N on a meridian plane marked (GO.), we 
have only to write + uistead of y*, and the result is the equation of the sur&ee 
referred to the axis of « and any other two aies at right angles to it and to one an> 
other. The coordinates of the centre of the sphere referred to these axes, and the 
radius of the sphere, being also given, we have its equation in the usual form, viz. 
r* = (x — £ij)« + — + (a — By the ti-ansforuiation of coordinates we 
can change the axes of reference to any given axes, as, for instance, to the polar 
axis and the faitersection <^ the equator by two rectangular meridians. In the next 
place, to adapt Uie expression to the usual mode of denoting spherical position, 
(latitude and longitude,) we must transform this into a polar equation, and put the 
radius vector of the resulting equation constant and eijual to thf terrestrial radius. 
The equation thus obtained will be one between the latitude and longitude of the 
points which constitute the magnetic equator. 
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The state of the physical problem is not at present such as to render any further 
matfaematical detaib respecting this curve necessary in this place. 

XVIIId — On the Jhrints ^ the Earth's Sur/<n e at which the Needle take* a potUum 

vertical to tin- Uiirizoii. 

As our hypothesiis is that of two poles, or rf^^ultant < entrcs of force, the frccly- 
suspeuded magnetic needle will always lie in the plane u iiich piui«e8 through its own 
centre and the centres of nuignetie finrae. The dipping-needle liei» therefore, wholly 
in the plane paaringr throagh the plaee of obaervation and the trae nngnetic poke. 
But when the needle is vertical to the horizon, it passes through the centre of the 
earth ; and hence the plane of the mag^netic meridian also passes througfi tlic centre, 
and makes with the sphere a section, which is a great circle. Also, as this plane then 
passes through three points not in a right line, it is unique ; or, in other words, there 
is only one circle of the sphere in which the needle can be placed to be capaUe of 
taking a vertical direction, and that is u gre^t circle. 

It is also obvious, from tlie expressions Jilready given for the inclination of the tan- 
gent to the radiants from the poles to points in the magnetic curve, that there are 
only isolated points in that circumference in which the phenomenon of verticity can 
take place ; and it is our buaineiB in this section to inquire into their possible nnm- 
ber, and the method of deCermining thdr actual number and tlidr reapcetive po- 
sitions. 

XiX. — Let O be the centre of the 
great drele in wUcb we have jott 
shown all the possible Twtical nee- 
dles must lie, and T U the magnetic 
poles, and N one of these points. 
Take the ci ntre of the circle as ori- 
gin of cotiniiuutcb. 

Let TU be denoted by the coor- 
dinates h^ and k„ respeetivd,y ; 
then the equation of the magnetic 
axis is 

(X- a,) 6,) = - 6.) (a„ -a^ (60.) 
Also the equation of O N is 

*y-yy = o, . . . (67.) 

where a!y' are the coordinates of N. 

The intersection of these gives the coordinates of R, the point where tlie tangent to 
the magnetic curve at N, and whose poles are T and intersects the magnetic axiti. 

From (66.) we have 
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....(«.) 

and from (69.) we have 

3f = ^*, («0 

which tnro eqnalioiiB, (08.) (69.), equated, givc» after simpks 



'J 



(71.) 



and hence also - f (70.) 

y-(*«-*,)>-(«i-«^y 

Again, ve have. 

And in the aame manner we obtain 
Alio 

TN« = («,-y)*+(*,-y)« (79.) 

UKP = (a.-iO* + («*-y)». (74.) 

But bj the property of the magnetie cnrv^ eKpceiaed hi equation (44.)» we ha«e 

RU _ VHP 

or 

- a.V - t (a,--r'r + <*, ~y)«/ (7*-) 

Hue w the equation of the curve of oontaet of the tangent firom O to the aii^;nelac 
curve, whoae polei are T and U, with the curve ; and in rectangular coordinates ia, 
lilce the magnetic carve itself^ of the oghth order irtien fireed from fraetaoos and rft> 

dicals. 

Having now eliminated from the preceding equations in whicii tlity appeared, 
we may drop the distinguishing accents from d/y in (75.) and reduce the fractions 
and radicals. We tiins obtain 

(b,T^a,y)^{ia„-xy^ (A, - y)*)^ = (A, x - y )M (a, - x)^ -f (6, - f/)«)3 . (76.) 

And, as the intersection of thi-; curve with the circle gives the points concerning 
which this inquiry is instituted, we may write the circle at once, its radius being r, 

•« + yaar". . , . , (77) 
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The determination of r and y from these two equations wi!l require tlie aolutioa of 
an equation of the teutb d^ree. For putting (76. j under tiie lorju 

(*, x-a uT- [fl, 2 -f. 2 + -I- V- - ^ ^ + KVY 
= ^ - + + 4- i/— 2 (a,x + 

we have it converted at once, by means of {77, into 

- .,3^)^ W + V + - 2 K« + 1 , . 

Hence by means of (77')> whidi is of the second, and (78.)> wUoh is of the fifth, 

degree, we obtain an equation of the tenth, from which to detennine x or y, and hence 
to find the points at which the needle will he vertical. Still the reduction is ex- 
tremely laborious, and hence, also, our means of detennininc; how raririy of the roots 
are real, and how many are imaginary ; that is to say, how many ol its roots are 
compatible, simultaneotulg or separatebf, with the values to which a, and are 
linuted by the physical wfaicb mnst be appended to the algebraical conditions from 
wbldi the equations (77*) nnd (78.) were fbnned. Those conditions are > + 
and > a„2 + 6^2, that is, of the poles being withSn the earth ; but whether the per- 
pendicular from the centre of the earrh upon the magnetic axis intcrsect.s that axis 
between the poles or not, cannot bc^ a prwrL imr yet from any knowledge furniished 
by experiment, at pi-esent determined. As, however, all the cases that can arise 
from all possible positions of the two poles are included in the above fimnube, and 
as thejr evidently cannot dmntitmuau^ exist, we are entitl«l to infer that all the 
roots are not simultaneoiisly real. In the absence, however, of these oonSidenitiiMis, 
we leani tiiat tiiereare not more than ten points on the surface of the earth at which 
the needle can Tx- verticfi! ; and that whatever may be the number of them, it is at 
all events even, viz, 2, 4, 6, h, oi lO. We also learn that how many soever of these 
be real, they are all in one plane passing through the centre of the earth ; and with 
respect to tlie great cirde in which it outs Ifae terrestrial surfoce, talcen as the axis 
of Sfiherical coordmates, aUmmnOie phemmum m tke swftut qf the earth are^m- 
mefrMial^ Exposed, Howfer this is verified, irttbin the limits 4^ errors of observation 
and of local interference with the ftiU development of the eflfects of the magnetic 
force, has not yet he<'n inquired into. Indeed, till this plane has been determined it 
would be impossible to conduct the iuqniry in a direct manner; and as only one of 
these points is yet actually assigned witii any close degree of approximation, we 
are not yet in a condition to enter upon the inquiry. Still, these flicts comUned with 
olMervationa relative to otiier phenomena, espedaUy respecting dip and intensi^, 
(tiie variation for obvious geometrical reasons included,) accurately made, might 
fiimish important aid in a tentative determination of the plane itself; the method of 
proceeding in whirfi must he sufficiently obvious to those inqnirers to whose minds 
the geometry of coordinates is fiuniliar. 



Digitized by Google 



348 MR. DAVIB8 ON TBRRSftTMAL MAGNBTtSH. 

In oonelnriAii of the present paper I sball, though I hvre not been thle U> decom* 
pose the equation which resulta from (77*) and (78.) into fuetaa, yet haxard the oon- 
jectore of its being even in its literal form capable of such a resolutions that the 
component equations are, wlien vicn ed simultaneously, the. one essentially imaginary 
with the values which render the other real. Ot" com sc these must be into factors of 
even degrees, — probably two of tlie fourth and one of the second. Several instances 
of tfaifl kind are well known to geometers ; a very remarkable one of which is the 
expression given by M. Bret for the determination of the foci of a line of the eeeond 
order, in Gergonne's Jnnales des Math^matiques, torn. viii. I offer it, however, only 
a« a conjecture, which future researches may show, after all, to be too hastily made. 

IKoyttf iMSA'teiy Academtft IFbo&otcA, 
Dtixmber 16, 1834. 
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Xn. AcMOPcftet ioKwnfr tstaMulnng a TJieory of the Dispersion Light. By the 
Retf. Badsn PowauLf Mji. FJRJS. SmUem Pr^^nr tif (hometry in the Urn- 

versity >jj Oxfurd^ 

Reecifcd FUmuuy 19,— lUnl Marah IS, t8S6. 

JMndxteUKry Remarks, 

The phenomaia of prismatic diiperrion, as originally diaoovered by Nbwton, and 
ainoe ezan^ned throughout a vast lange of transparent bodies by succeeding philo- 
sophers, especially Sir David Brewster, %vere principally cnnsidercd with reference 
only tt) HuccesHive parts, or spaces, of the coloured spectruu), designated generally as 
the red, or violet, or mean rays. 

The increasing predion of modern sctenoe has been evinced in the elaborate and 
justly celebrated researches of M. Fraunhopbr, who, availing himself of the daric and 
bright lines to mark and designate distinct points of the spectrum, by prismatic ob- 
sen'ations for ten different in( dia, solid and liqnid, has deterniined in each the re- 
fractive indices for seven principal rays, thus always absolutely identifiable. We will 
use die term "deinite wpT to aigidfy the specific parte of the apectnim thus defined. 
As to the law of the phenomena, the first notion of a simple proportionality was soon 
disproved. The refrangibility was seen tO vary considcraI)ly and im gularly for each 
ray and cnch medium ; and when Fraunhofer had assi^'nc-d f^cricsL's of numbers as 
the ucfuratL" expressions of the varyin£r refractive powers tliroiii^lioiit the several 
spectra, tlie ui)()areQt absence of any law connecting thetse numbers wa:^ only ren- 
dered more palpable. All that conld be amd was, that the numbers wereased from 
the ml to the Une end 4^ the acale, and in a dififarent way in each medium. 

Hie first object of inquiry in the search after such a law, would be some other cha- 
nicteristic of the same definite rav^. ef]M;dly well determined ; between which and 
the refractive index some connexion niiglit possibly be found to subsist. 

The only such characteristic, perhaps, is the length of the bUmal for each ray, 
the Newtonian fit, or the nndolatory wave, wUeh (by whatever name it be called,) 
has demonstrably a real existence in the nature of light ; and the value of which, for 
each of the definite rays, has also been determined by FnAi'MioFEn, witli Ins usual 
accuracy, from phenomena totally independent of refraction, viz., his very ri inark- 
able experiments, in which a spectrum absolutely pure and i)crfect is obtained with- 
out the intervoitkm ct any prism, firom th^ iiaerfermce$ produced by a fine grating 
of pandld wires covering an object^ laas. The poeitiona aaaamed by the aucoeaaive 

MDGCCXXXV. 3 K 
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nys, here depend on nothing but the lengths of Iheir periods m waves nimpiy as 

such ; and the intervals between them are precisely proportional to the dlfferencee of 
these lengths. These lengths decrease from the red to the blue end of the spectrum. 

We might search for some empirical law which should connect these two serieses 
of data, the one being some inverse function of the other; but it would be more 
tttisfoctoiy should socb a fommla be supplied by any theory of light. 

I shall not I trust be oonsidered as assuming a controvert tme, if I observe that 
no researdies directly suggesting any i^uch formula have beenpti^shed except those 
of M. Cauciti', on the hypothesis of undulations. In these, indeed, sucli a formula is 
not actually developed. But in a paper in the London and Edinburgh Journal of 
Scunoe*, in tlie former part of which I have offered a brief abstract of M. Cauchv's 
peculiar tbeoiy of unduktims, some remarks upon it are {^ven, indoding the de> 
duction of a formula in which the relation between the In^A of a wave and Me veto- 
city of its propngafioii \<i precisely expressed ; this last quantity being in &ct the 
same as the recijirocal of the refract'we index. 

Without entering any further into theoretical considerations, it will be admitted 
that vuh a fonnula, (from whatever source derived,) if found to supply anything like 
a cepresentation of tiie law of nature, or a due to guide us through the seeming ifis- 
order which previuls among the experimental results, would be entitled to attention. 

It has therefore been my obieet \rithout reference to the support of a theorj', to 
examine by means of this formula the relation between the index of refraction and the 
length of the period or wave /or each definite ray throughout the whole series of nume- 
rical results which we at present possess. And it will become a matter of inarcndnig 
interest to punue observations on the mdices of definite rays for a greater range of 
transparent media. 

The present paper will be occupied witli the discussion of the data already known; 
and before proceeding to that discussion 1 will merely add, that whatever degree of 
interest may attach to the inquiry, the merit is due to Professor Airy, in whose sug- 
gestitm it imij^naCed. 

General Observations on the Famuda, 
In the investigations in the paper above referred to, on snbetttotingforthevelodty 

of H wave expressed by y its equivalent the fornuila at once presents the relation 

between the index and the length of a wave II, r, and n are quantities depen- 
dent on the nature of the medium ; r, by hypothesis, always being a sensible fraction 
of X : tiius the formula heeomes 

•(-) 



mrn \ 
X / 

*K0t.Sl MMq. 
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Here the Vilne of p iHU vn6ea!dy vary with s ebai^ in fhe vilw of X, or from one 
nqf to amotlier ; it will also vary irith a change in the oonstants H, r, or n, that i^ 
from one mt&m to another. 

The mere inspection of the formula will suffice to show that it exhibits at leiist a 
general accordance with the obvious constitutiou of the prismatic spectrum in the 
greater dispersion of the bUie end. 



For, in general, as X is diminiiihedj the arc 




is incrcaiied, and consequently 



the ratio of the arc to its sine increases, or /* increases. And the variation in the 
▼alue of this ratio, and consequently in that of /i*, for a given variation in X, is greater 
when the arc is greater, that is, when X is less. 

Thus, towards the hiae end of the spectnini» where X is Icas^ the dtepertion. or ex- 
pansioa of the' rays is greatest. 

But wc must proceed from these very general remarks to the more precise conipa> 
rison of numerical values. 

Cnqtantom Nvmeneal Rendu. 

In proceeding to apply the fonmda to actual ealetdation, we are met by ismral 

difficulties arising out of the peculiar form of t!ie function. Hie process is, la feet, 

reduced to finding arcs which sliall fulfill the twofold condition of being themselves 
in the ratio of the ralncs of X, while they are to tfit ir sines in the ratio of the values 
of p. For this I have not been able to make any direct method a\ aiiable. 

By imfireet and tentative melhodsb however, and flia assumption of arcs which 
wen seen (from arable of the lengths of are^) to be nearly in the reqmred ratio to 

their sines, I advanced by successive trials of greater or less arcs to more exact 
values. Those for the two extreme rays wore usually assumed in the first instance, 
and their ratios to their sines cuiupured with the ratios of the refractive indices; 
and these once brought to a suffidently near accordance, a fundamental arc was 
obtained, frmn wfaidi those font the other rays were deduced on diving by the 
corresponding value of X; and the prodact of a constant coefficient multiplying 
the ratio of the arc and sine, which in theory ong^ht to give the value of the refrac- 
tive index, was romparcd with the index deduced from observation. This will 
sufficiently explain the meaning of the several columns in the tabular statement of 
tfaeresolts. 

It must be borne in mind that the values finally adopted are stiU only qiproamnap 
tive, and are to further correotioii 1^ repeating the process ; so that in all the 
cn^es lie re considered a still closer coincidence might probably be obtained were it 

thought desirable. 

The fundamental data of these comparisons are (as already said) those very precise 
detenninationa of the valne of X for the several definite rays named by the letten B» 
€^ D, fte^ obttdned by Fajyunnovn from the intafisrenoe-speetnun » and vfakdi 

2k9 
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Sir J. Hbrschel has justly characterized as data of the utmost value in the theory 
of Kght*. These vahies are as follows : ^ 



Rsv 




B 


<MMSB41 


C 


•SOO0S423 


D 


'0«003175 


E 


•00001945 


F 


•00001794 


G 


•00001587 


U 


•00001464 



With these valnes I have gone through every case of a refractive index fiir a defi- 

nite ray at jjr esent known, that is, for every one of these seven definite rays in each 
nf t)w ten substances whose refractive energy for the diffierent rays was examined by 

FlUUNHOFBR. 

The following tabular statement givuis the eonipuriiiou between the refractive index 
for each ray in each medium, as given by FBAUNR<wn*s observations in the first 
column, and as resulting frmn the fonnula of theory (adapting his indqwndent de- 
terminntions of the values of X,) in the last; whilst in the intennediate columns the 

elements oftfie calmlation nro i^xliibitt'd. 



Flint Glass, Na 18. Fraunhofsr. 


Hqr. 


Ofawnrrd *aluct 
of ft. 


Awuroed value* 

». 


\UM/ 


Calculated va- 
1 luei of ^ 


B 
C 
D 
B 
P 

H 


1-6277 

i<Oas 

]'648S 

1-6483 

1-6603 
1-6711 


ll 10 
IS 41 
IS SS 
SO 44 

92 31 

27 39 


i'0ia4 

1-SUS 
1*S178 
1-OSSS 
1*0861 

1 0336 
1-0399 
romt= I -607 


1-687S 

t4m 

I'CSSS 
I'IMSS 
1<64S6 

i-eeos 

1-6711 


Flint Glass, No. 23. Fkai;nhu>i:k. 


fi 
C 
D 
E 
K 
G 
H 


1-6265 
1-6985 

1-G3,')7 
1-6405 
1-6467 
1-6588 


1% 0 
16 17 

18 15 
20 22 
22 8 
25 2 
S7 9 


1-oini 
1-0172 

1-0214 
1-0252 
1-0325 
1-0393 
cooats 1-60$ 


l-6;i3,-, 
1-64o:j 

1-61^4 

1-6582 1 



• See TnaUm m Light, «it. 761« 7fifi. 
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IS 1 , Nit .'i I' ) 






Biff. 


1 

1 


Awumed »»!uc 
IL 




IWtff 


B 
C 
D 
B 
P 

a 

H 


]-6«S6 
1-6256 

l'S87» 
l<6435 
1'6M4 
I'CliCO 


1% 0 
16 17 
18 IS 
M tt 
22 8 
M 8 
87 9 


1-0131 
1-0135 

1-017S 
l-«tl4 
1-88M 

I'tass 

lH>a98 

const a I'COSa 


1-6239 
1-6246 
1-6305 
1-6373 
l'64a4 
KWl 
l<fi66« 

1 




Flint glass, No. 3. 


Praunhoker. 




B 
C 
D 
B 
F 
O 
H 


1-6020 
1-603H 
1-6085 
1-6)45 
1-6200 
1-63M 
14404 


O / 

15 20 

16 5 

17 55 
' 19 59 

21 42 
It* 33 
86 89 


1-0120 
1-0133 
)-0U>4 
l-CiJ06 
1-0243 
1-0312 
1-0369 
coiut. = 1-582 


1*6000 

1'6039 

l-fi079 
l-(il4j 
1-(S;J04 
1-6313 
14404 


Crown glass, M. Fbaunhofbr. 


B 
C 
D 
E 
F 
O 
H 


1-5549 
1-5559 
1-5591 
1-5632 
1-5667 


12 19 
12 55 
14 23 

16 5 

17 26 
19 48 
81 88 


1-0077 
1-0085 
1-0106 
1-0133 
1-0156 
l'ei99 
l-0g35 
eaoBt.a l'M3 


1-5548 
1-5561 
1-5593 
1-5634 
1-5671 

vijm 

1'8798 




Crown glass, No. ]s. 


FRArNHOKKR. 




B 

C 
D 
£ 
F 
G 
H 


1<5«&3 
1'5««« 
1-5314 
1-5343 : 
1-5399 1 
I •5 4 47 


11 18 
11 81 
18 IS 
14 46 

16 0 

18 5 

19 37 


imo6s 

1'8071 
l*0S«9 
I'OllS 
I'OISI 

1-0168 
1-0198 
nmst. — 1-5145 | 


i'fie4s 

1'8858 
l-fi«79 
1*AS14 
1*6843 

1*5399 
1*5444 


Crown glass, No. 9. Fiuunhofbh. 


B 

c 

D 
E 
F 
0 
H 


1-5258 
1-5269 
l-5?«»6 

l-.i3;?o 
i-;j:t(;o 

1-5116 


O ' 

11 18 
11 51 

13 13 

14 4G 
IG 0 

18 5 

19 37 


IOOGj 1 
1-00/1 1 
1-0089 1 
1-0112 
1-0131 
1-0168 

coiHt.al*8l6B 


1-5259 

l-5.'ll(j' 
l-.'i.-i.i^ 
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Conclusion, 

Upon comparing the numbers above given as resulting from theory and from ob- 
servation, and bearing^ in mind that the assumptions of the constants on which tlie 
calculation depends are but tentative and approximative, and open to further ror- 
rectioD, it will, I think, be allowed that the coincidences are quite sufficient to permit 
116 to regard the fonmibi «• very dose representation of the law of nalnre. 

We are thus, I think, joatified in concluding, that for all the anbstanoes examined 
by Fraunhofer, viz. for four kinds of flint glass, three of crown glass, for water, 
solution of potash, and oil of turpentine, flic refracilve Indices observed for each of 
the seven definite rays are related to the (vngths af n aves for the same rays, as nearbf 
as possible according to the formula above deduced from M. Cauchy's theory. 

Thus» then, for all the media as yet accurately examined, Uie theory ^ vmkda^au 
(as modified by that disHnguished analyst,) tv^He* at.mtee hatk the law tmd lAe tx- 
ptanadou the phenomena ^ SiperAm, 

Oxford, 
Fthruary 17, 1885. 
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BOYAL MEDAL& 



HIS MAJESTY KING WILLIAM THE F0UR1H, io nstoring the 
Foundation of the Soyal Medak, graciously Commanded a Letter, of 
wbicli ttie following is an extract, to be addressed to the Royal Society, 
through His Royal Highness the Duke of Sussex, K.G., Piesident: 

" WmdmK Cutk, Mvdi ». 1883. 

It is His Majesty's wiflb,— 

Fini, Tliat the Two Child Medals, iraltte of Fifty Guineas each, shall 
" benceibmi he swaided en tiie day of the Anniversary Meeting of die 
" Boyol Sodety, on each ensoing year, for the snost inqKMrtant diaoomiei 
" in any one principal subject or branch of knowledge. 

** {Secondly, That the subject matter of inquiry shall be previonsly settled 
" and proponnded by the Oouncil of the Royal Sodety, three yean pre* 
" ceding the day of mch niard. 

** TIdidly, That Literary Men of sill nations shall be Invited to affind the 
" aid of thdr talents and research: and, 

« Fourthly, That for the ensntng three snooesrive ycar^ the said Two 
" Medab diall be awarded to sneh important dlsoovecies, or series of in- 
** vestigathms, as shall be snffidoitly established, or completed to the 
Mfladsbction of l]ieCoinici],«ifliin the last fiveyearsof the days of award, 
** for the years I89I4 and 1886, indoding the present year, and for which 
" the Author sliall not have pre^ously leodved an honorary reward. 

(Signed) " H. TAyiofc" 

Tlie Council propose to g'we one of the Royal MLiiaLs in the year 1836, to the most 
important uapublibbed paper in Asirouuiuy, comuiuuicatikl to the Royal Society for 
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Insertiun in tlieir Transactions, after the present tkUe (May I3tb, ISSSj) and prior to 

the month of June in the yeiir 1836. 

The Council also propose to give one of the Royal Medals in the year 1836 to the 
BiosT important unpablishcfl pajKT in Animal Physiologj% communicated to the Royal 
Society tor insertion in their Transactions. :it>rr the present date (May 13th, 1833,) 
and prior to the month of June in the year 183G. 

The Royal MedaU for the year 1833 were awarded to 

Sir JOHN FREDERICK WILLIAM HERSCHEL, K.H. F.ILS^ 
for his Vaepee on the Investigation of the Orbits of Revolvingr Double Stars ; and to 

Professor AUGLSTE PVRAME DE CANDOLLE, of Geneva, Foreign Member 

of the Royal Society, 

for hia Discoveries and Investigations in Vegetable Physiology. 

Those Ibr 18S4 wm awarded to 

JOHN WILLIAM LUBBOCK, Emi., V.P. &Trbas. R.S., 

for his Papers on tiie Tides published in the Philo.sopiiicai Transactions; and to 

CHARLES LYELL, Esq^ 
for bis Work entitled Principles of Geology;' 

Hie Council propose to give one of the Royal Medals in the year 1897 to the most 
important unpublished paper in Phyries, eommunicatttd to the Royal Society for 
^ Insertion in their IVansactkms, after the present date (Noroniber S7th, 1884^ and 
prior to the ammth of Jane in that year. 

The Council also propose to give one of the Royal Medals in the year 1837 to the 
author of the best paper, to be entitled **Qmtribntion8 towards a Systcni of Geo- 
<iogical Chronology founded on an examination of foaril remains, and tbnr attendant 
phenomena," sueh paper to be communicated to the Royal Sodety after the present 
date (December let, 1884,) and prior to the month of June I8S7. 
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XIII. Continuation of the Paptr on the Relations between the Nerves of Motion and of 
Sauation, and the Brain t mere particularly on the Structttre of t/ie Medulla MoHr 
guta and the Spinal Marrow, Bjf Sir Cbamss Bbll» FM^S, S^c. ^c. ^pc. 

lUcviTcd Marefa 85,— Read April 30. 1835. 

In this paper it will be iiecessury to enter on minute details of the anatomy ; but 
they regard a subject iiitberto uutouclied, although essential tu the comprehension of 
the nervoQS syitaai, without which, iiKleed> It eonld not be nid that we had a know- 
led^ of the nerves as a system. 

The author has advanced, by slow and laborious researches, from observing the 
{renrni! arnuieement of tlie nerves as they lie in the body, to the investigation of par- 
ticular nerves and their endowments ; and, finally, to the examination of these parts 
in the centre of the system, the brdn and apinal marrow, wliidi enabka falm to assign 
tiie naeon of that perfect symmetry whidi reigns throagfa the wholes 

The subjects of his last paper have been examined again and ag^ by dissection, 
and reviewed in every aspect. They have been found rorrect in every particular. 
Bat they necessarily lead to further investiijation -. tliryp unt mnr^ p<;peeially to a 
minute inquiry into the structure of the spinal marrow, and its reiatium to the en- 
cephalon on the one hand, and to the origin of the nerves on tlie other. 

It might be imagined that the anther of this paper liad, in these inqdries, fol- 
lowed his preconceived notions ; but it has not been so. On the contrary, when 
in search of the explanation of certain phenomena, he discovered a fact in the 
structure which diverted him from his design, and carried him in a new course of 
inquiry *. * 

In an anatomical investigaticn of so mnch delicacy, it ie neoessRiy, in order to un- 
derstand the descriptions, that Iw vbo foUows it by dissection should have tlie parts 
presented exactly in the same aspect and traoe them in a prescribed manner. When 

*lhtp>per<iatii«VdBe»MiiaJwlrihwM»|wiwti>«teitwiB^ 
In following that subject, tbe mtimriaud itindbpcoMUie to M0» into iaqjobj* lAkli fcoras to In tfcie 

more important of the two. 

MOCCCXXZV. 2 1. 
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the anatomist has recuguiised ttie parts^ uud veriiied the descriptions o{ the author, 
he will of courae vary hia mode of proceeding to ntiafy himself. 

Lay a portion of the spinal marrow, d two or three inches, on the dineetiiig board, 
and pin it 80 as to look upon the posterior 8Ur6ce of that cord. Begin by makings 
a clean trnnsvcrse section of it near one extremity, and inspect the nen ly-divided sur- 
face (see Plate III. fig. 1.). The first thing which we distinguish is the cineritious 
matter in the centre of the medullary. If we introduce the curette into the softer 
cineritious matter, we can separate the medullary columns (as in tigg, 3. k 3.), and 
we distinguish these parts : the posterior colnmns, deeply divided by their solcus; 
the lateral columns : and the antt-rlor column';. 

In making these divisions, directed by the natunii sni("i and by the cineritious 
matter, we may mouu satisfy ourselves that there is but one absolute bond of union 
by nenrons matter. We find the anterior columns tied together by a sort of oommfak 
sure, and to that omnmissure is attached the anterior portion of tlie posterior columns 
at two points (fig. 3. d.). 

Having contemplated the section of the spinal marrow, we proceed to the dissec- 
tion by splitting up these cohuans. We raise the posterior culunnis together, in one 
piece ; to do wiiich we must divide them at the point of union witli the anterior 
columns (fig. 4. a.). But except at this angle, the whole tract is raised without the 
slightest breach of its proper surfiuse. When the columns are thus separated, the 
surfaces are fimiid to be covered with ciner itious matter. We have split the cine- 
ritious substance, and some of it lie«< on the lower 8ur&ceof the part raised, and some 
on the upper surface of that which is below. 

If we now clear away the cineritious snbstanoe from the colnmns hdaw, we shall 
first discover the two lateral tracts or columns. We see them in their course, regular 
as nerves. These colnmns or cords, in this :iiipect and condition, take a ntunded 
form, although they are of a different shape when padced together in their natumi 
state. 

And now may be observed a structure wliich is not without interest. If we make 
a slight breach upon the snrftoe of the columns when divested of tb«r cineritious 
covering, and inrinuste the point of the curette, we raise a thin pellicle, like a distinct 

coat, and which we may separate all round. Having done this, and the remaining 
surface being sinootli, we may pierce it ac^aio, and in a similar manner septirate a 
third and a fourth layer, which, smoutii and delicate themselves, leave the pai i below 
as regular as the natural or exterior surface. It appears that the superficial layers 
ftimlsh the roots of the higher nerves, and that tiie lower layers go off into the roots 
of the nerves as thqr successively arise. 

If we now follow the sensitive or posterior roots of the spinal nerves towardit their 
origins, we titid theni entering and dispersing in tiie suhstance of these lateral 
columns. Sonic uuiliors describe these roots as derived from the cineritious matter. 
This is quite at variance with my dimections. The cineritious matter is not of a con- 
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.sistcnce or structure into which nerves can be traced : and through the whole column 
of the spinal marrow, up to the fifth and portio mollis of the seventh nerves of the 
head, the dneritious matter is superimposed on the oolaniiu and mrvet*. 

Between the lateral cdnmna, the cinerituMis matter lies deep. Upon raishig' it, the 
anterior or motor colunnis areieen (fig* 4. D, t>.). In essential circumstances they 
resemble the lateral columns, and they are di«5tinct from them. Tfie cinerittoHs 
matter occupies a portion of the space between them ; and as to the remaining part, 
the line of separation is distinct, and the surfaces arc unbroken. 

By the manner in irtiich the dtaseetlon has been made, the posterior portion <tf the 
spinal marrow being raised, as it were, out of the heart of the OOrd, the remaining 
parts fall flat, and tlie lateral and anterior columns separate. 

Having distiuguislied the columns which form the spinal in;irrow, their natural 
sulci, their proper couucxions, and the distribution of the cineritious substance be- 
tween them, we have in the mst pUuse to ol)serve how these columns are arranged, 
and wlmt change they undergo in the upper portion of the cord, called medulla ob- 
longata. Wc approa( h from below the same parts which we looked upon in their 
relations with the brain in the last paper. 

We must now lia\ e before US a portion of the spinal marrow with the medulla ob- 
longata attached to it, and proceed with the disi^ectiun. 

The parts being presented in the same aqiect as before we raise the two posterior 
odnmns, separating than from the others at the intervening cineritious matter. At 
the back of the medulla oblongata we find the posterior columns diverging, and 
forming' the trian^'nlar space of the fourth ventricle; this space is laid open on 
tearing up the pia mater, which connects the cerebellum with the medulla oblongata. 
Each of these columns is now seen to consist of two, the outermost the larger, and 
that towards the eentnd line the smaller, and In shape pyramidal Following up 
tliese diveiging columns, we recognise them to be the processus cerebcHi ad mcdul- 
1am oblong^tam. These fije&t tracts, wliich form a large portion of the spinal mar- 
row, are now seen to bear relation to the cerebellum. 

The posterior tracts or columns being raised, wc have only the lateral and anterior 
columns, which belong to the cerebrum, to attend to. And here is the interesting 
part of tins communication. 

Once more obserring the layer of cineritious matter, we brush it off from the 

* It is easj to tnwc the roots of the Moaitive portion of the spinal ncrrc into the lateral column. It should 
b« otmerrtd rt the same time. tfa>t in nuamg <he pwterior edttmaa, by iMimntiiig *» inatiwntat into the dne. 

ritiou? iiiteriufdibite ^uli^^taucc. Itu rt- is a mors' Intim.ite att.Trhmcnt of the mediillurv substance of tho posterior 
oolumD at its ooter edge and in the line of the origins of the nerves. It is not impoMibla, therefore, that the 
porteiior eohmm may be connected ^HA tfie taiMn root of tbe spinal nerres. though hitherto I have not 

traced tliu fibres. 

t This sabdiviaion <d what I have called ttie posterior oolnaui at the spinil ainow ia to be tnoed in fbe 
-whole length «f tbe qpiad nutiMr. 
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lateral columns. This grey matter may be traced into the fourth ventricle, ex- 
tending Ofver the paili to be presently described, and over part d the roots of the 
fifth pur of nerves. It constitatei one sheet of matter from the cauda equina to 

the roots of the auditory nerves, and forms a grand septum between (he anterior 

and lateral part of the spinal marrow which belongs to the cerebrum, and the pos* 
terior columns which are related to the cerebellum. 

OSrion ^Hie kaeral Gtlsamf m tke Midutta (^lot^ata. 
On brushing away the cineritious matter from the cerebral portion of the spinal 

marrow, we recognise the two lateral columns. Upwards, or towards the brain, 
each of these columns has a double termination ; first, in tiie root of the fifth nerve ; 
and secondly, in the union of the columns, or, in other words, in their decussation. 

These columns Be separate in the spinal martwir; but having ascended to the 
mednlia oblongata, they All togetiier, and form one round column something less 
than half an inch in length. On tradng this united column upwards they are dis- 
entangled, but do not «5cparatc, tor they now constitute those processes of the cere- 
brum which, In a former paper, we traced dowu from the back of the crura cerebri 
(fig. 6. B, a ; fig. G. A, A.). 

On observing the portion of the united colnrons, the appearance is very much that 
wiuch. is presented by tlie uucm of the optic nerves ; that is, however, ratber when 
the part is thoroughly hardened in spirit : when it is somewhat more pliant, we can 
trace the. filaments of one side into the column on the other side*. The decussation 
is the most perfect of any to be demonbtrated in the brain and nerves. 

Reverting to the statement in the former paper, that a septum divides the right 
and left sensitive tracts where they are seen in the fourth voitrlcle, and that in 
tracing that septum downwards it terminates at the point of decussation cf these 
tracts : I have now to add, that the septum does not ab.solutely terminate, that it 
splits tn ]K'nnit the oblique course and decussation of the filaments of these rohimns. 
Thus separated at the union of the coiuiiiiu», the septa unite again below, and may 
be followed downwards Into that eomuadon which binds the posterior portion of the 
spinal marrow to the anterior cdumns. 

It remains a desideratum to know what is the nature of those fibrous septa which 
intervene' and divide the longitudinal tracts of nervous matter. But whatever may 
I c ill ((■] inined on thi.s point, it is obvious that they form a perfect link or liotid of 
union and mechanical strength, extending from the pons to the cauda equina. Around 
the commissnres the fibres of these bands are especially interwoven-|'. 

* Mwh of uulcmiy, u I have Im dncribed it. Buy be an^ Batitwill be 

carier and more satiafactoiy, when the purta are soft, to drop tliiM IrtB ipiriti, 10 that tbti nuJiwCt is Hiiy w« 
ttgfonA may be hardened and prepared for furtber disaectioo on a meceeding day. 

t Tlw true diatiacdoM bettrceo die colaDiu id dte qiinal namw may be made, as we did those o{ the 
Ba4idkdblaqpita,1iyiAMirii|Btlwqiiittiagiif Clieiqite. Roib tfie dwinaManot <if the ooloatM Mdqg oiF 



Uigiiiztxi by Google 



TBE NBRVB8 OF MOTION AND OF BBNMTI0N» AND TBB BRAIN. 



2S9 



WheD the two tracts or columns which descend from the poeterior portions of the 
eruitt oerdirf are Utmnrmij dividedt when Ihey form the lUt oi the calamus scrip- 
toriiu, end when th^ are dinected down (fig. 4. a, a, b.}, we obtain a very nitereiting 

view of the back part of the anterior columns (fig. 4. d, d.), or rathorof the pyramidal 
bodies, and their decussation. We see the union and decussation of tiicso bodies before 
they separate and descend to form the motor columns of the spinal marrow. The 
motor and sensitive columns, — which were close together in tJie crura cerebri, and 
which hk their deeoent were separated in the pons, and by the eeptam which is con- 
tinued down from thd posterior tranevene septum of the pone,— <!onie here again into 
contact at the point of union and decussation*. The motor colunms approach the 
sensitive columns, but no union takes place ; tlie columns keep their respective 
courses down the spinal niarruw. Wiiea we dissect these parts carefully at the 
back of the medulla oblongata* we may feel, and with sharp eyes we may see, very 
minute and yet nncommonly strong filaments which run among these parts. We 
may condder such filaments as a further proof how carefully these testures are 
g^artled ag;ninst laceration. 

When the dissection is carefully made, we have thus a view of the posterior part 
of the decussation of the pyramidal bodies ; and after their decussation we see them 
separate and descend in the two anterior or motor columns. 



If it could be said hitherto that the distribution of the nervous system, more than 
any other part of the animal structure, evinceii design, the conclusion in irresistible, 
when we perceive that the parts which minister to sensation and motion are arranged 
with a symmetry beyond what we expect to see in arehitectural plans or omauients, 
where every part is balanced, and each has its counterpart. 

It could not he well imagined that sensation and motion belonged to parts sepii- 
rate and dissimilar. Formerly 1 believed that the nerves of sensation, tliat is to say, 
the posterior roots of the spinal uervcb^ came from the posterior columns of the spinal 
marrow, and eoosequently from the cecebeHnni. Whilst entntidning this bdief I 
found roy progress barred, for it appeared to me inoomprdiensihle that motion 
could resnlt from an organ like the cerebrum, and sensation from the cerebellum, 
for there wa.s no agreement between them. They conformed neither in size, shape, 
nor snhdivisions. Sensation and volition arc necesisurily combined in i very action 
of the frau>e-f-. Although these influences, of whatever nature they be, are pro- 

m ngvbr pcttkki, wc maj cIm be dMatved. On •epantiiig, fot exauiple, the poaterior aad latent oaluniu 
■tdietnwMdeii««f leparaticm.iredianMeflwiiiiinitetnH^^ ^»hkh«ppetftiic« h produced fte 
■flitting of tlie septum. S«e th« foimer paper. 

* The motor and sensitiTe colamns do not mix or dfrnmlB^ bat only the BMMor colamm with each other, 
wd the aezuitive columns with each other. 

flUahaabeeBiilsalntidiiifiKiiur japei^ andpwticslaiif mtmtiiif of the«etiomof thtlva. 
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jected in dlArent diveetiomi, and bdong to distinot fiiaiiMBtB*, th^ must be flnally 

conjoined and in union. The anatomy conforms to this idea ; the cords of com- 

nninication between the seat of volition and the orgtins of the body proceed from 
a centre, run {larallel, undergo stiiitlar changes, and are blended in their ultimate 
distribution, as in their central or cerebral relations. 

It is pleasing to see that through the labours of members of this Sodety the pda- 
riples which liave dircctid tlic author in the investigation of the human anatomy 
are likely to be extended in their application, by a correspondence being observed in 
the arrangement of the nervous tracts through every class of animals possessing 
volittoD. It has long appeared to the author that the i^tem does not differ« even in 
the different classes of animals, although there, is much cqyparent vaniety in the 
distribution of the nerves. 

When it became a question whether or not Crmtnrea possessed the organ of 
heiiriiig, the celebrated Scarpa undertook the investigation. With this purpose he 
did not pry about to discover ilie external organ of the sense. He looked to the brain, 
or cerebral gangIion^-H«oognised the part from which the acoustic nerve should 
come, according to the analogy of other animals. He fitnmd the nerve> and traced it 
to its destination ; that simple rather than imperfect organ, which, but for the cir- 
ramstance of the auditory nerve in its cavity, might have been supposed too defective 
in its organization to be ca[>able of receiving the impulse of sounds. 

In this manner is themervoiis ^stem to be studied; for there is an internal change, 
in accordanee with outward otgamsation, whilst die system or great plan does not 
vaiy. There is an endowment in each particolar column ; it is one through its whole 
course. An anim;d, or a class of antaials, may have a particular orfr^m developed, 
and with the external apparatus there is a correspoiidi?i!r or an adjusted condition of 
the appropriated nerve. Another cla.ss may be dcticicut m the external oi-guiiizutiun, 
wbra we shall in vain look for the accompanying nerve; it is contracted, or hardly 
virible ; but wi A all this tlie system is unchanged. 

From a more cursory view of the comparative anatomy than others may have taken, 
this is my conelusion ; but my titnr for such investigations has been given almost 
exclusively to the human anatomy ; and in it I hope it will be granted that the 
system, as it regards sensation and motion, has been dispkyed so as to increase the 
interest <rf these pnnuits, and to direct the studies of the pathologist to benefidal 
results ; much advantage could hardly have been expected by dissection of the brain» 
even from the utmost ingenuity of research, whilst the vtry elements of the subject, 
as regards the natural anatomy, were unknown. 

* See ttie pepur oo tiw Nerraiu Ciide. 
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JSajdamofiait the PkAis. 
Plate m. 

Vlg. 1. A tnuMvene section of the spinal marrow, showing the distinctions of the 
medullary and dneritious sttbNtance. 

Fig. 9. Shows tlie section with the medoHaiy columns parted at their natural 
divinon^ yia. by insinuating tlie curette into the eineritious substance, 
and opening the suld. 

A. . The posterior column. 
B, B. The lateral columns. 

c. The anterior columns. 

Fig. 3. The same parts still furtbrr sr-panitcd, so as to exhibit tho rimnexion be- 
tween the postt rior rnluiuiLs of the spinal maiTowand the motor columns. 
The letters rclcr to the .same parts as in the last figure, 
u. The connexion between the posterior add anterior columns. 

iPig. 4. In this view the posterior part of the spinal uianow, that w hicit ijeluiigs to 
the cerebellum, is taken away, leaving those columns only whicli belong 
to tlie cerebrum. • As the, posterior portions (figg.S.&3. a.) enter deeply 
into the spinal marrow, when thcQf are talHn away ^ remaining oolumns 
fall flat on the l>oard, and pcnait an easy separation. 
A, A. TIu' citu-ritious matter which intervene-S betAvt'on the (-olomns belonging 
to the cerebrum, and tliose belonging to the ccrebelinm. 

B. Projecting lines where tlie posterior coluums of the spinal marrow were 

connected wiUi tHe anterior. (See fig. 3. n.) 
c, c. The lateral oolumns, or semsitiTe oolurana, after raising the eineritious 

substance. Into these the aeontive roots of the spinal nexvw are traced. 
D, D. A deeper dissection of the eineritious substance esqpoaes here the posterior 

surfiice of the anterior or motor columns. 

Fig. 5. This figure represents a posterior view of the upper part of the spinal mar- 
row, and the medulla oblongata. 
A. The two posterior cohunns of the spinal marrow being dissected up, they 

are here represented diverging towards the cerebeihim at o. 
u. Tiie eineritious matter left on the remaining part of the spinal marrow, alter 
raidng the column (a.). The separation of the columns having been made 
at the intervening eineritious matter, both sur&oes liave that matter 
attached to them — both a and a. 
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c, c. The lateral colamns <rf the spinal marrow (figg. %ks,n, b.), displayed on 
their poeteriiH: sur&oe. Thejr are disoofered on rafang^ the cinerltioiis 
matter b. Into these columns the posterior root of the apinal nerves are 

traced : they are the columns of cerr-ation 

D. The short column formed by the union of the columns c, c. On dissecting 
this portion, the decussation of the columns will be seen, 
a, B. The same colwnnfl which were lateral In the spfaial marrow^ lunf coBtlniied 
upwards, and visible in the fourth ventricle willioiit diflMwUon. Tliey 
ascend under the valviila cerebri and under the corpora quadrigcmina, 
and fall info t}ie crura cerebri. So that, tracinf,'^ them from above, each 
of these columns descends from that part of the cnis cerebri which is 
poiterior to the corpus nigrum. 

v. The origin €S the senntiTe root of the fifth mne of tlie enoephalon. 

G. Hie prooeasus oerebdli ad medullam obiongatann. 

Fig. 6. This figure represents the further dissection of the parts seen in fig. S. 

A, A. Hie columns marlced b in the fbnner phite. They are lUvided transversely, 

and the lower portion folded down, bdng separated firom tlie parts hdow 

by n delicate dissection. 

B. These columns folded down, 
c, G. The lateral columns of the spinal marrow oomdnned up faito n. 

D. Tlie union of tlie anterior columns seen in their posterior aspect. The late- 
ral or lenritive columns, and the antoior or motor columns, are held 
together at ihh point. But it appears more for security than reunion. 
A fine dissection exhibits them quite distinct ; and the parts above con- 
tinuous into tbe columns of the spinal marrow i each separately. 

B, B. Hie sensitive roots of the fifth pair of 
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XIV. Experimental Researches in Electricity^. — Tenth Series. By Michael Faraday, 
D.C.L. F.R.S. Fitllerian Prof. Chem. Royal Institution, Corr. Menib. Royal and 
Imp, ActM. Sciences, Paris, Petenburgh, Fhtence, CopenAagen, Berlin, ^c. 

Received Juoe 16,— Read June 18, 1885. 

§ 16. On an improved form of the fidtaic Birffm/. ^ I". Soriie prat fical 
results respecting the construction and use of the V oUaic Battery. 

1119. I HAVE lately had occasion to examine the voltaic trough practkBally, vitb 

a view to improvements in its construction and use ; and tliouj,Mi I do not pretend 
that the results have anythin£^ likt" the 'miportance which attaches to the discovery 
of a new law or principle, I still thiuk tliey are valuable, and may therefore, if briefly 
told, aud in connexion with former paperb, be worthy tiie approbation of the Royal 
Society. 

^ 1 6. On an improved form of the f-'oltaic Battery. 

1120. In a simple voltaic circuit (and the same is true of the battery) the chemical 
forces which, during their activity, give power to the instrument, are generally divided 
into two portions; the one of these is exerted locally, whilst the other is transferred 
round llie circle (947- 996.) ; the hitter constitutes the electric current of the instru- 
ment, whibt the former is altogether lost or wasted. The ratio of these two portions 
of power may be varied to a great ext^t fay the inflnence of drcumstances : thus, in a 
battery not closed, all the action is local ; in one of the ordinary construction, mvch 
is in circulation when the extremities are in communication ; and in the perfect one, 
which I have described (1001.), <iU the chemical power circulates and becomes elec- 
tricity. By referring to the quantity of zinc dissolved from the plates (8G5. 1126.), 
and the quantity of decomposition effected in the volta-dectrometer (7 1 1. 1126.) or 
elsewhere, tlie proportions of the local and transferred actions under any particular 
circumstances can be ascertained, and the efficacy of (he voltaic arrangement, or the 
waste of chemical power at its zinc plat^, be accurately determined. 

1121. Tf a voltaic !)attcry were constructed of zinc and platina, the latter metal 
surrounding the former, as in thp doiihle copper arransr«'inent, and the whole being 
excited by dilute sulphuric acid, then no insulating divisions of glass, porcelain, or 
air would be required between the contiguous platina surfaces ; and, provided these 
did not touch metallically, the same acid whi<^ being between the sine and platina, 
would excite the battery into pow»ful actmn, would, lietween the two sorfeces of 
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platina, prodooe no discharge of the electricity, nor cause any diminution of the 
power of tbe trough. Tl^isaiieoenaiycoiueqiMnoeof tbeierislttioetothepas^ 
of the current which I have shown oocnn at the place of deoompodtun (IOO7. 1011.); 

for that resistance is fully able to stop the current, and therefore act as insulation to 
the electricity of the eontif,niou.s plates, inasmuch as the current which tends to pass 
between them never has a higlier intensity ttian that due to the action of a single pair. 

1129. If tha metal mBToanding the adne be'copper (1045.)* andif theadd benitro- 
ndiiliiinc add (1080.), then a lUght discharge between the two oontigaoaa coippm 
does take place, provided there be no other channel open by which the forces may 
circulate ; but when such a channel is permitte<l, the return discharge of which I 
speak is exceedingly diminished, in accordance with the principles laid down in the 
eighth scries of these llescarches. 

1I3S. Guided by these priadples I was led to the conatmction of a volttic troogfa, 
in whidi the eoppen, paadng round both snr&ces of the sines, as in Woumion*b 
eonBtractioD, should not be separated from each other except by an intervening thick- 
ness of paper, or in some other way, so as to prevent metallic contact, and should thus 
constitute an instrument compact, powerful, economical, and easy of use. On ex- 
amining, however, what had been done befon^ I fimnd tint the new trough was in 
an essential respects the same as that invented and described by Or. HAas, Rroftssor 
in the University of Pennsylvania, to whom I have great pleasure in referring it. 

1121. Dr. Hark has fully described his trough*. In it the contiguous copper 
plates are separated by thin veneers of wood, and the acid is poured on to, or off, 
the plates by a quarter revolution of an axis, to which both the trough containing 
the plates, and another trough tocoUect and hold the liquid, are fixed. Thisarrange- 
ment I have ftnind the most convodenl of any, and have therefiMre adopted it. My 
sine plates were cut from rolled metal, and when soldered to the copper plates had 
the form delineated, fig. l . These were then bent over a fraii|je into the form fig. 2, 
and when packed in the wooden box constructed to receive them, were arranged as 
in fig. S-ft little plugs of cork being used to keep the zinc plates from touching the 
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copper fdatca, and a sin§^ or double thiclcness of cartridge pi^er bdng interposed 

* FUbnpUaal Mtpiff. 1824, vol. bdii. p. 841 : or Sillimait'* Jonmul, toI. vii. 
p«p«r by Dr. l\.\nn. Annal* of FhOoMphjrt 18S1» vdL L p. SS9, in lAkh ha agmkt of tfN 

n^»Min betweeo the cappm. 

t Ite m«n batwcam floiTBv m. for tlM nIh of dbliMtei«» Ottilia^ 
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between the eontipnous surfarcs of copper to prevent them from comintr in contact. 
Such wu:> the facility uilorUed by tbis^ arrangement^ that a trough of forty ^irs of 
pkitea could be unpacked in five minuto^ «nd rapaeked again in half an hoar; and 
tlie whole seriea mn not mora than fifteen inclwa in length. 

1125. This trough, of forty pairs of plates three inches square, was compared, as to 
the ig'nition of a platina wire, the discliarpe between points of charcoal, the shock on 
the human frame, kc., with forty paii-s of tour-inch plates having double coppers, and 
used in porcelain troughs divided into insulating cells, the strength of the acid em- 
ployed to excite both heing the aame. In all these effects the fomer appeared qnile 
equal to the latter. On comparing a second trough of the new construction, contain- 
ing twenty jmirs of four-Inch plates, with twenty pairs of four-inch plates in porce- 
lain troughs, excited by acid of tlie same strength, the new trough appeared to sur- 
pass the old one in producing these effects, especially in the ignition uf wire. 

1126. In these experiments the nev trough diminished in its energy much more 
rapidly than the one on the old eonstmedon) and tins was a necessaiy consequence of 
the smaller quantity of acid used to excite it, which in the case of the forty paii-s new 
construction was only one seventh [)art of that used for the forty pairs in the porcelain 
trong-h?. To compare, therefore, bntli forms of the voltaic trough in their decom- 
posing powers, and to obtain accurate dutu as to their relative valuta, experiments of 
the fUlowing kind were made. The troughs were chaiged with a known quanti^ 
of add of a known strength t the dectric current was passed through a Tolta- 
electrometer (7 1 1 •) having electrodes 4 inches long and 2*3 inches in width, so as 
to oppose as little obstruction as possible to the current; the gases evolved were 
collected and measured, and gave the quantity of water decoinpoeed. Then the 
whde of die charge used ww mixed together, and a known port of it analysed, by 
bong predpitated and boiled with excess of carbonate of so^ and the predpitata 
wen washed, dried, ignited, and weighed. In this way the quanti^ of metal oxidized 
and dissolved by the acid was ascertmned; and the part removed from each zinc 
plate, or from all the plates, could be estimated and compared with the water (?f>- 
composed in the volta-«lectrometer. To bring these to one standard of comparison, 
I have reduced the results so as to expresa the loss at the plates in eqnindents of 
nnc tor the equivalent of water decompoeed at the voltapdeotrometer ; I have taken 
tiie equivalent number of water as 9, and of dne as 89*1^, and have considered 100 
cubic inches of the mixed oxygen and hydrog^en, as tliey were collected over a pneu- 
matic trough, to result from the decuniposition of 12 68 grains of water. 

1127. The acids used in these experiments were three, — sulphuric, nitric, and uiu- 
riatic. Hie sulphuric add was strong oil of vitriol ; one cubical inch of it was equi- 
valent to 486 grains of marble. The nitric add was very nearly pore; one cubical 
inch dissolved 150 grains of marble. The muriatic acid was also nearly pure, and 
one cubical inch dissolved H)8 grains of marble. These were always mlzed With 
water by volumes, the standai d of volume being a cubical inch. 

2113 



Uigiiiztxi by Google 



DR. FARADAY'S IXPBRIHENTAL RBBBARCBB8 IK BLBGTRICnT. 



1128. An add was proved consisting of 900 parts water, 4^ parts sulptnirie acid, 
and 4 parts ni^c acid : and wit h th'm both my trough, contidiiiiig forty pairs of three* 

inch plates, and four porct'lain tronphs, arranged in succession, each containing ten 
pairs of plates with double coppers four inches s(|uare, were charged. These tivo bat- 
teries were then used ia succession, and the action of each was allowed to continue 
for tiren^ or thir^ ndnvtes, until the charge was nearly exhausted, the ooancgden 
with the Tolta-electrometer heSng carefully preserved during the whole thne, and the 
acid in the troughs occasionally mixed together. In this way the former trongh 
acted so well, that for each equivatt nt of water decomposed in the volta-elcctrometer 
only from 2 to 2'5 equivalents of zinc were dissolved from each plate. In four ex- 
periments the average was 2*21 equivuleuts for each plate, or 88*4 fur the whole 
batteiy. In the experiments with the porodain troughs^ the equivalents of con- 
sumptitn at each plate were 3*54, or 141*6 for the whole hatteiy. In a perfect vol- 
taic battery <^ forty pairs of plates (991. 1001.) the consumption would have been 
one equivalent for I'nrh zinr plate, or forty for the whole. 

1129. Similar experiments were made with two voltaic batteries, one containing 
twenty pairs of four-inch plates, arranged as I have described (1124.), and the other 
twen^ pidrs of four-inch plates in poroehdn troughs. The Bverage of five experiments 
irith the fonner was a consumption of 3*7 equivalents of ^inc from each plate, or 74 
from the whole : the average of three experiments with tlie latter was !'rn equivalents 
from each plate, or 110 from the whole: to obtain this conclusion, two experiments 
were struck out, which M'ere much against the porcelain troughs, and in which some 
unknown deteriorating influence was supposed to be accidental^ active. In all the 
experiments, care was taken not to compare new and old plates together, as that 
would have introduced serious eirors into the conclusions (1 146.). 

1130. When ten pairs of tht> new arrangement were used, the conRumption of zinc 
at each plate was 6*76 equivalents, or 67'(> for the whole. With ten j>airs of the com- 
mon construction, in a porcelain trough, the sine oxidized was, upon an average, 
16'5 equivalents each plate, or 166 for the entire trough. 

1 131 . No doubt, therefore, can remain of tlie equality or even the great superiority 
of this form of voltaic batterj' over the best previously in use, namely, that with 
double coppers, in which the cells are insulated. 'I'Ik- insulation of the coppers may 
therefore be dispensed with ; and it is that circumstance whicli principally pennitsof 
such other alterations in the construction of the trough as gives it its practical ad- 
tantages. 

1132. The advantages of this form of trough are very ntunerous and great, i. It 
is exceedingly compact, for 100 pairs of plates need not occupy a trough of more 
than three feet in length, ii. By Dr. Hare's plan of making the trough turn upon 
copper pivots which rest upon copper bearings, the latter afford ^ed terminations ; 
and these I have found it very convenient to connect with two cups of mereuiy, 
fastened in the front of the stand of the instrument. These fixed termumtions give 
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the ^rcat advantage of arranging an appai-atus to be used in counexiou with the bat- 
tery before the latter is put into action, iiu The trough is put into readiness for uae 
in an instant, a single jug of dilute acid l)«ng sufficient for tlie chaige of 100 pain of 
four-inch plates, iv. On making the trough pass througti a quarter of a revolution, 
it becomes active, and the great advantage is obtained of prornrtng for the experi- 
ment the elFect of tlie Jhat contact of tlie ainc uud acid, which is twice or sometime»i 
even thiice that which the battery can produce a minute or two after (1036. ll&O.). 
T. When the experiraent is completed, the add can be at once poured fivoi between 
tlie plates, so that the battety is never left to vaste during an unconnected state of 
its extremities ; the acid is not unnecessarily exhausted; the zinc Is not uselessly 
consumed ; an<l. besides avoiding these evils, the charge is mixed and rendered uni- 
form, which produces a great and good result (1039.); and, upon proceeding ton 
second experiment, the important effect of^rst contact is again obtained, vi. The 
saving of fine is very great. It is not madly that, vhilst in action, the sine performs 
more voltaic duty (1128. 1129.), but aU the destruction which takes place wilih the 
ordinarj' forms of battery between the experiments is prevented, 'lliis sanng is of 
sueh extent, that I estimate the zinc in the new form of battery to be thrice as " 
effective as that in the ordinary form. vii. The importance of this saving of metal i.s 
not merely tliat tlie value of the adnc is saved, but that the battery is much lighter 
and more manageable ; and also that the surftces of the anc and copper plates may 
be brought much nearer to each other when the battery is constructed, and remain 
so until it is worn ont : the latter is a very important advantage fl 148.). viii. Again, 
us, in consequence of the saving, thinner plates will perform tlie dnty of thick ones, 
roUed zinc may be used ; and 1 have found rolled zinc superior to cast zinc in action ; 
a superiority which I incline to attribute to ite greater purity (l U4.). ix. Another 
advantage is obtuned in the economy of the acid used, which is pn^portionate to the 
diminution of the zinc dissolved, x. The acid also is more easily exhausted, and is 
in such sitiall <jnantity that there is never any oeca,sion to return an old charge into 
use. Such old acid, whilst out of use, often liussolves portions of copper from the black 
ftKculi usually mingled wildi it, wUch are derived fi«m the shMS ; now any portion of 
copper in sdntion in the charge does great harm, because, by the local action of the 
acid and zinc, it tends to precipitate upon the latter, arid diminish its voltaic efficacy 
(1 145.). xi. By usinga due mixture of nitric and .sulphuric acid for ttie charge (1 1 39.), 
no gas is evolved from the troughs ; so tliat a battery of several liundretl pairs of jiiates 
may, without inconvenience, be close to the experiaienter. xii. If, during a series of 
experiments, the add iMoomes exhaasted, it can be withdrawn, and replaced by other 
add with the ntmost fiidHtyi and after tiic experiments are concluded, the great 
advantage of easily washing the plates is at command. And it appears to me, that 
in place of making, under different circumstances, mutual sacrifices of comfort, power, 
and economy, to obtain a desired end, ail are at once obtained by Dr. Hare's form 
<rf trough. 



Uigiiiztxi by Google 



968 DB. FA1UDAV*8 BZPinMBNTAL ]tS8KAI€HE8 IN BIACnuClTT. 



1 133. But there are some dii>ad vantages which I have not yet had time to over- 
come» though I tnuit they will finally be oonquered. One is the extreme difficntl^ of 
making a wnoden trongh ooottwitly water-tigbt wider tiie altentatione of wet and 
diy to which the Toltaic instnunent is subject. To remedy this evil, Mr.NBWMAM b 

now engaged in obtaininj^ porcelain troughs. The other disadvantage is a precipi- 
tation of copper on tiie zinc plates. It appears to me to depend mainly on the cir- 
cumstance that the papers between the coppers retain acid when the trough is 
emptied i and tint thie acid slowly acting on the copper, fermaa nh, wideh gradually 
mingles with the next charge, and is reduced on the zinc plate by the loml aoti<m 
(1120.): the power of the wliole battery is then reduced. I expect that by tiding 
dips of elass to separate the coppers at their edges, their contact can be sufficiently 
prevented, and the space between them be left so open that the acid of a charge can 
be poured and wadied out^ and so be removed from eveiy part of the trough when 
the experimettts in which it is used are oompleted. 

1 184. The actual superiority of the trougiis which I haTe constructed on this plan, 
I believe to depend, first and principally, on the closer ^prozlmation of the zinc and 
copper surfaces ; — in niy troug;hs they are only one tenth of an inch apart (! 148.) ; — 
and, next, on the superior quality of the rolled zinc above the cast zinc used in the 

oonstmction of the ordinary pile. It cannot be that insulation between the oonti- 
gnoH ooppecs b a diiadTantAge» but I do not find that It is any advantage} for 

when, with both the forty pairs of three-inch plates and the twenty pairs of four-inch 
plates, I used papers well imbibed with wax*, these being so large that when folded 
at the edges they wrapped over each other, so as to make cells as insulating as 
those of the porcelain troi^bs, still no aensible advantage in the chemical action 
was obtained. 

1135. As, upon principle, there must be a discharge of part of the electricity from 
the edges of the zij ic ;iiui <'opper plates at the sides of the trough, I should prefer, 
and intend ha'ving, troughs constructed with a plate or plates of crown glass at the 
.sides of the trough : the bottom will need none^ though to glaze that and the ends 
woold be no disadvantage. The plates need not be Ihstened in, bnt only set in thehr 
places ; nor need tlM^ he in large ringle pieces. 

% 17. Sam praOieai nnUts reading the eim$lrueium and lue of tke f^oltak 

Batten/. 

1136. The eli ctro-chemieal philosopher is well acquainted with Some pCBCtlcal re- 
sults obtained from the voltaic battery by MM. Gav-Lussac and Thsnard, and given 
in the first forty-five pages of their 'Hecherches Physico-Chimiques'. Although 
the Mowing results are generally of the same nature, yet the advancement made in 
this brandh of science of late years, the knowledge of the defiidte action of electricity, 

• A single paper that prepMed could insulate the electricity of « trough of forty pain of pUtes. 
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md the more ftoeofate and pbiloeophieal mode of catimating the resolts by the eqni- 
valeots of sine OQnmmed, will be t^r sufficient juatiikatioii. 

1137. Nature and timtgih of ike acid. — My battery of forty pairs of three-inch 
plates was clmrged with acid consisting of 200 parts water and 9 oil of vitriol. Each 
plate lost, in the average of the experiments, 4*66 equivalents, or the whole battery 
186*4 equivalents, of liiic, for the equivalent of water detMHoposed in the volta-elec- 
trometer. Beiii; chai^ with a mbetnie of jHM) water and 16 of the mnriatk acid, 
each plate lost 3 8, or the whole batteiy 15S, eqaivalenti of zinc for the water de- 
composed. Being charged with a inixtnre of 200 water and 8 nitric acid, each plate 
lost 1-85, or the wliole battery 74*16, equivalents of zinc for one equivalent of water 
decomposed, i iie sulphuric and muriatic acids evolved much hydrogen at the plates 
in the trougb ; the idtric add no gaa whatever. The relative strengths of the origlnBl 
acide have already been given (lld74 s bnt a difierenoe in that respect makes no 
important difference m the results when thus expressed by equivalents (1140.). 

1138. Thus nitric acid proves to be the best for this purpose : its superiority ap- 
pears to depend upon its favouring the electrolization of the liquid in the cells of the 
trough upon the principles already explained (905. 973. 1022.), and consequently 
fiivonring the transmission of the dectridty,and tharafore the production of transfer- 
able power (1120.). 

1139. Tlie addition of nitric acid might, consequently, be expected to improve sul- 
phuric and nuiriatic acids. Accordingly, when the same trough was charged with a 
mixture of 200 water, 9 oil of vitriol, and 4 nitric acid, the cfmsumption of zinc was 
at eadi plate 2*786, and for the whole batteiy 111*5, equivalents. When iS» ebai|;e 
was aoo water, 9 ml of vitriol, and 8 nitric acid, the loss per plate was 2*86, or for the 
whole hatt( 1 y 90*4, equivalents. When the trough was charged with a mixture of 
•JOO water, IG muriatic acid, and 6 nitric aci(i, t(u> loss per plate was 2*1 1, or for tb^- 
whole battery 84*4, equivalents. Similar results were obtained with my battery of 
twenty piurs of four-inch plates (1129.). Hence it is evident that the nitric acid was 
of great service when mingled wMi the snlfdmric add ; and the diaige generally 
used after this time for orcHnnry experiments oonrisfeed of 900 water, 4^ oil of vitriol, 
and 4 nitric acid. 

1140. It is not to be supposed that the different strengths of the acids produced 
the differences above ; tor within certun limits I found the electrolytic effects to be 
nearly as the strengths of the adds, so as to leave the otpression of forces when given 
in eqnindents, nearly constant. Thos, when the trough was chained inth a mixture 

of 200 water and 8 nitric acid, each plate lost 1*854 eqvdvalent of sine. When the 
charge was 200 water and 16 nitric acid, the loss per plate was 1R-? equivalent. 
When it was 200 water and 32 nitric acid, tiie losis was 21 equivalents, i'lie differ- 
ences here are not greater than happen from unavoidable irregularities, depending on 
Other causes than the strength of add. 

1141. Again, when a durga oondsting of 900 water, 4| oil of vitrid, and 4 nitric 
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acid was used, each zinc plate lost 2 16 equivalents ; when the charge with the same 
battoy was 900 water, 9 oil of vitriol* and 8 nitric add, eadi line plate ket 2*96 
equivaieiits. 

1 142. I need hardly say that no copper is dissolved daring the regular action of 
the voltaic trough. I have found that miu h ammonia is formed in the cells when 
nitric acid, either pure or mixed with sulphuric acid, is used. It is produced in part 
as a secondary result at the cathodes (663.) of the different portions of fluid con- 
stituting the necessaiy electrolyte, in the cells. 

1143. Vniformity of the charge.— Ttm is a moSt important point, as I have already 
shoAm cxperiinentally f I042.&C.). Hoice om great advantage of I>r. HutB's mecha- 
nical arrangement of iiis trough. 

1144. Purity of the zinc. — If pure zinc could be obtained, it would be very advan- 
tageons in the constraction of the voltaic appmatns (908.). Meet aincs, when put 
into dilate salphuric add, leave more or less of an insdnble matter npon the surftce 
in the form of a crust, which contains various metals, as copper, lead, zinc, iron, cad- 
mium, &c., in the metaHir state. Such |>articles, by disrharfing- part of the transfer- 
able poM'cr, render it, as to the vvliole l»attery, local; and so diminish the ctTett. As 
au iadicalion connected with the more or less peifect action of the battery, I may 
mention that no gas ought to rise from the sine plates. The more gss whidi is ge- 
nemted npon these snrfiioes, the greater is the local action and the less the transfer- 
able force. The investing crust is also inconvenient, by preventing the displacement 
and renewal of the charge upon the surfaee of the zinc. Such zinc as, dissolving in 
the cleanest manner in a dilute acid, dissolves also the slowest, is the best; zinc 
which contains much coppw should especially be avmded. I have generally foond 
rolled Liege or Mossbiman's sine the purest; and to that drcorastance attribute in 
part the advantage of the new battery (1 134.). 

114.5. Foulness of the zinc plates. — After use, the plates of a battery should be 
cleaned from the iiietallie powder npon their snrfaees, especially if they are employed 
to oblam ilie law s <jl action of the battery itself. This precaution was always attend- 
ed to with 0ie porodain trough batteries fai the experiments described (1195., &c.). If 
a few fool plates are minj^ed with many clean ones, they make the action in the dif- 
ferent cells irregular, and the transferable power is acconfiogiy <BminifllMd, whilst the 
loral and M^nstei! ]H)wer IS increased. No old cbaige eontnlaing ccpper should be 
used to excite u buHery. 

1 146. New and old plates,'^! have Ibund voltaic batteries fhr more powerful when 
the piates were new than when they have been nsed two or three times ; so that a new 
and a used biittciy cannot be compared together, or even a battery with itself on the 
first and after times of use. My tronfjh of twenty pairs of four-inch plates, cliargcd 
with acid eonsi!?ting of 200 water, 4^ oil of vitriol, and 4 nitric {uid, lost, upon the first 
time of being used, *i'32 equivalents per plate. When u.sed aftet the fourth time with 
the same charge, the loss was from S-SO to 4*47 equivalents per plate ; the average 
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being 3*7 equivalents. The first time the forty pair of plates (1 124.) M'ere used, the 
]o«s at each plate was only 1*65 eqniYalaikts bat aft^wards it became 2*16, 2 )7, 
S*63. The fint time twenty pair of fonr-inch plates in porceliun trong'hs were used, 

they lost, per plate, only 3*7 equivalents ; but after that, the loss was 5 2r(, '> 3G, 5*9 
(^qiiivult-nts. Yet in all these cases the zincs had been well cleaned from adhering 
copper, ike, before t-ai li trial of power. 

1 147. With the rulicd zmc the fall in force sooa appcat eil to become constant, i. e. to 
proceed no farther. But with the cast sine plates belonging to the porcelain troughs, 
it appeared to continue until at last, with the same charge, each |date lost above tmce 
as much zinc for a given amount of action as at first. These troughs were, however, 
so irregular that I r-oiUd not always determine the circumstances affecting the amount 
of electrolytic action. 

1 148. ficiniitf of the copper and zinc. — ^The importance of this point in the con- 
stmcdan of voltaic arrangements, and the greater power, as to immediate action, 
which is obtained when the sine and copper surfaces are near to each other than 
when removed furtlier apart, are well known. I find tliat the power is not only 
greater on the instant, but also that the sum of transferable power, in relalion to the 
wttole sum of chemical action at the plates, is much increased. The cause of this 
gain is very evident Whatever tends to retard the drcolfttion of the transferable 
fin«e, (i. e. the electricity^ diminishes the proportion of sndi fiwce, and increases the 
proportion of that which is local (096. 1 120.). Now the liquid in the cells possesses 
this retarding power, and therefore acts injuriously, in greater or less proportion, ac- 
cording to the quantity of it between the zinc and copper plates, i. e. aeeordinii,' to the 
distances between their surfaces. A trough, therefore, in which the plates are only 
half the distance asnnder at which ^bey are placed in another, will prodnoe more 
transferable, and less local, force than the latter ; and thus, because the electrolyte 
in the cells can transmit the current more readily, both the intensity and quantity of 
electricity is increased for a |*iven consumption of zinc. To this circumstance uuunly 
I attribute the superiority of the truugli 1 have described (1 134.). 

1149. The superiority of double coppers riogle plates also d^ends in part upon 
diminishing the resistance 4^red liy the electrolyte between the metals. For, in fact, 
with double coppers the sectional area of the interposed acid becomes nearly double 
that with single coppers, and therefore it more freely transfers the electricity. Douhh' 
coppers are, however, effective, mainly beeaufie they virtnally double the acting; siit- 
face of the zinc, or nearly so ; for in a trough with single cupper plates and the usual 
constmction of cells, that snrfhce of shic whicb is not opposed to a copper snrfeee is 
thrown almost entirely out of voltaic action, yet the acid continncs to act npon it and 
the metal is dissolved, fwoducing very little more than load effect (947. 906.}. But 
when by doublinf^ the copper, tliat metal is opposed to the second surface of the /ine 
plate, then a great part of the action upon the latter is converted into transferable 
force, and thus the power of the trough as to quantity of electricity is highly exalted. 

MDCCCXXXV. 3 N 
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1150. Urst immersion of the plates. — The great effect produced at the first im- 
merskm of the plates, (apart from thdr being ww or tued (1 1 46.),) I have attributed 
elsewhere to the unchaaged ooodition of the acid in contact with the zinc pbte 
(1003. 1037') : as the acid beconMM aeatreiised, its exciting power is proporttonaU^ 
diminished. Hare's form of trowph secures much advantajje of this kind, by mingling 
tlie liquid, and hrin^'itig what may be considered a« a fresh sur&ce of acid against 
the plates every time it is used immediately after a rest. 

1151. Number of plate$*,^Tb» moot advantageona nnmber of plates in a batteiy 
used for chemical dnsompoaition, depends almost entiiely upon tito itsistanoa to be 
overcome at the place of actloD; but whatever that resistance may be, there is a cer- 
tain mniibfr which is more economical than either a greater or a less. Ten ;»airs of 
four-inch plates in a porcelain trough of the ordinary con<!truction, acting ui the 
volta-electrometer (1126.) upon dilate sulphuric acid of spec. grav. 13 14, gave an 
ayerage consumption of 15*4 equivalents per plate, or 154 equivalents on tbe whole. 
Twenty pairs of the .'^amc plates, with the same acid, gave only a consumption of 5*5 
per plate, or 110 equivalents tipon the wliole. When forty pairs of tlie same jjlates 
wpi c used, the consumption was 3-54 equivalents per plate, or 141'6 upon the whole 
battery. Thus the consumption of zinc arranged as twenty plates was more advan- 
tageous tban if arranged dtber as ten or as forty. 

1159. Again, ten pairs of my four-inch plates (IISO.) ket 6'76 eadi, or the whole 
ten 67*6 equivalents of zinc, in effecting decomposition ; whilst twenty pairs of the 
same plates, excited by the same acid, lost 37 e(]ni\ alent;? each, or on the whole 74 
eqaivalcnts. In other comparative experiments of numbers, ten pairs of the ihrce- 
incb plates (1126.) lost 3725, or 67 '2b equivalents upon the whole j whilst twenty pairs 
lost 2*53 each, or 60*6 in all $ and for^ pdrs lost on an average 2*31, or 88*4 alto- 
gether. In both these oases, theiefoie, increase of numbers had not been advan- 
tageous as to the effective production of transferable chemical powet fimn the wkde 
quantity of chemical force active at the snrfaces of evritntion (1120.). 

1153. But if I had used a weaker acid or a worse conductor in the volta-electro- 
meter, then the nnrolwr of plates which would produce the most advantageous effect 
would have risen ; or if I had used a better conductor than that really employed in 
liie volta-dectrometer, I might have reduced the number even to one $ as, for In- 
stance, when a thick wire is used to complete the circuit (Sfi.')., kc). And the ranse 
of these variations is very evident, v, !ipn it is considered that enrli siircessive j>1 itf in 
the voltaic apparatus does not add anything to the qtMntity of transferable power or 
cleetrici^ which tbe first phrte can put into motion, provided a good conductor be 
present, but tends only to exalt the hdtnrify of that quaattey, so as to make it more 
able to overcome the obstruction of bad conductors (^4. 1158.). 

1154. Large or xmtill plates'^. — The advantag'eons nse of large or small plates for 
electrolyzations will evidently depend upon the facility with which the transferable 

* Oat-Lc8sac and THKirAHD, Kecherches Pliyuco-Chimiques, torn. i. p. 2d. f lln4. 
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power or electricity ciin pass. Jf in a purtictilur case the. most cflcctual miiiiber of 
plates is known (1 151.), then the udditiuu of mom iiuc wuuld be luuett udvajitagc- 
ooaly maide in increasing the of the plates, and not their manier. At tlie same 
time, laige ineraase in tlie nie of the plates would Fsise in a small degree the most 
^▼onrabk numlier. 

1 155. Large and sniall filatcs should not be used together in the same battery : the 
small ones oceaitioii a loss of the power of the large ones, unless they be excited by 
an acid proportionubly more powerful ; for with a certain add they cannot transmit 
the same portion of dectrieity in a given time which the same aeid can enrive by 
action oo the laiger plates. 

1 l.'jfi. S'lTmtlfancoits drrompositioiis. — "Wlienthe number of plates in a battery' much 
surpasses the most favourable proportion (1 151 — 1153.), twoor more decompositions 
may be effected simultaneously with advantage. Thus my forty pairs of plates (1 i 24.) 
prodnoed in oneToltapelcctrometw 33*8 cubic inches of gas. Being rectiaiged exactly 
In the same manner, they produced in each of two volta«1ectrometers 31 cntncal 
inches. In tiie first experiment the whole consumption of zinc was 88*4 equivalents, 
and in the second only 48'38 equivalents^ for tlie wliole of the water decomposed in 
both volta-electrometers. 

1157. But when the twenty pairs of four-inch plates (1129.) were tried in a similar 
manner, the results were in the i^posite direction. With one voltanelectrometer 53 
cubic inclies of gas were obtiuned ; with two, only 14*6 cubic inches from each. The 
quantity of charge was not the same in l)0th cases, though it was of the same 
strength ; but on renderings the rc^tdts comparative by re<hicing them to equivalents 
(1 126.), it was found that the consumption of metal in the first case was 74, and in 
the second ease 97, equivalents kit the laAelr of the water d cem n p osed. These results 
of course depend upon the same circumstances of retardation, &e., which liave been 
referred to In !;}H al<ing of the proper number of plates (1151.). 

1158. 'I'hat the transferring, or, as it is usually called, catiditcting, power of an elec- 
trolyte which is to be decomposed, or other interposed body, should he rendered as 
good as possible*, is very evident {IU20. 1120.). With a perfectly good conductor 
and a good battery, nearly all the electrkt^ is passed, i. e. neor^ all the chemical 
power becomes tnmsfmbl^ even with a'single pair of phtes (B67.). l^Vith an inter- 
posed non-4ionductor none of the chemical power becomes transferable. With an 
imperfect conductor more or less of the chemical power lieconics tninsferablc as the 
circumstances favouring the transfer of forces across the imperfect conductor are ex- 
alted or diminislied : these circumstances are, actual increase or improvement of the 
condoeting power, enlargement of tlie electrodes, approximation of the electrodes, 
and increased intensity of the passing current. 

1159. The introduction of common spring water in place of one of tlie volta-elec- 
trometers used with twenty pairs of four-inch plates (1156.) caused .such obstruction 

* Gat-Lu88A£ utd TuiKAJU), BccheTcfaes Fhytico-Chiiiuiiaes, torn. i. pp. 13, 15, 23. 
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as not to allow one fifteenth of the translemble force to pass which would have cir 
culated without it. Thus fourteen fifteenths of the available force of the battery were 
destroyied, bdng oonverted into local fbroe, (whidi was rendered evident by tlw evo- 
lution of gas from the zincs,) and yet the platina electrodt s in the miter were three 
inches long^, nearly an inch wide, and not a quarter of an itich apart. 

1160. These points, i. e. the increase of conducting power, the enlargement of the 
electrodes, and their approximation, should be especially attended to in voUa-electro- 
meten, Tlie prindples tqKm vUdi tbtir titility depend ai« lo evident that tiiete can 
be no occaflioin for farther devdopment of them here. 

Roj/al iH^Mim, 
October Ut 1^4* 
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XV. DisctugioK Iff Tide {^tenatums made ai Liverpool. John Wiluam Lobbock* 

Esq. VJf, and TVeas. US, 

Bwwwd md fUnd Jane 18, 1835. 

By permission of the British Association for the Advancement of Science, I am 
enal>lcd to present to tlie Society a discussion by M. Dbssiou * of 13,327 obsctra- 
tiuas of the tides made at Liverpool between the 1st of January 1774 and the 31st of 
December 1708. These observatioiiB, which were made by Mr. Hvtchinson, Dodc- 
master at that pkwe, belong to the Lycetun at Liverpool, and they were granted 
with the greatest readiness and liberality by the foinmitti-c of that Institution, upon 
the application of Mr. AV'iikwkli, and niysclt, for tlic purposes of tlie present inquiry. 

Mr. Hutchinson recorded the solar time of high water, and the height of the tide in 
feet imd inches, »t the Costom-Hoiue Dock gates, together with the direction and 
strength of the wind, and the state of the weather ; also, during a great porUon of tl>e 
time, the height of the biiroiiu tcr and thermometer. 

The following note is prefixed to the first book of these valuable observations: 
" 'riicj^e five years" observations npon the tides were made from solar time, and the 
winds from the true meruiiaa, and their velocity judged accordlogto Mr. Smeaton's 
mie, our great storms going at the rate of sixty miles an hoar; the thermometer kept 
in doors, at the bead of a staircase four stories high s by Wnuuc Hnrcanisoif, at 
tlie Olil Dock gates, Liverpool." 

I he following- note is appended at the conclusion : "Tliese obser\'ations, made 
from tile beginning of 1/68 to August 10, 17^> make twenty-iive years, seven months 
and ten days, which I have given to our library, esdusiye of the 3000 obserraUons 
given to Messrs. HoLOSNSy to make their tide tables, as mentioned in tlmr prefiuse 
to tliein. I could notc<mtinilC any longer to make observations, for want of the com- 
mand of onr dock gate men and gaug;e rod to take tlic night tides. Having resigned 
my place as Dockmaster, this journal reases by me, William Hcjtchinson." 

These notes contain the only information witii respect to the manner in which the 
observations were made wbidi the books afford. The observaliona appear to Imve 
been carefully eondncted, bnt no precantions are stated to have been taken to ensnre 
the accuracy of the time; and it is difficult to fix w hether by solar time is meant 
apparent solar or mean solar time : this point ought not to have been left in doubt. 
This point of uncertainty dues not however, in any sensible degree, aflfect the Tables 
VI., VIL, V' HI., and IX., which have reference to the variations of the moon's parallax, 

* M. Djcbuou has receired from the firUiilt Anocutioo mote tiua £100 for this work. 
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or those which have reference to the height of high water ; but the equation of time 
is mixed ap with the changes in the interval between the moon's truue-ii and the 
time of high water doe to cliaiiges in the mooifa declination ; and aoy vncertiuiity 
with respeet to the manner in whidi the elock has been regulated is therefore nmch 

to be regrettcfl. 

Thp plan pursued is the same as that a liicli I adopted with respect to the London 
Dock ol>t>t'rvations, and which seems to inc to be the only one> in the present state of 
the subject, wMch can be resorted to with advantage. If die theoiy were eouiplete, 
and the laws or analytical esprcMiona of the pbenomena had lieen made oat flatisfiK»- 
torily^ it would he poiribleto proceed at once to determine the constants, which might 
be done by means of fewer observations, and those might be selected which appeared 
entitled to tiie rr,catest confidence: at present, however, 1 do not think that this 
course cuu be sut'ely pursued. 

I trust that this laborious woric, which M^Dbssiou has accomplished at my insti- 
gation, and by the libenl support of tiie BriUsh Associatkin, will not be witfiout uti- 
lity, and will afford data upon which mathematicians who nu^ hereafter improve 
the theory of tlie tides may safely rest their conclusions. 

The I'ldca in this port continue to be observed at the London and St. Katherine 
Docks. These Docks are contiguous, so that the places at wbidi the observatkiia 
are made are not distant from each other more than 900 yards, as appears from tlie 
diagram nndemeatli. 




We may therefore, I think, safely conclude, that whatever cause affects the tide at 
one place will equally affect it at the other; and hence, if we find the difference 
in the registers of the times and bdgfats of high water much greater than the average 
difference, suspidon arises that the observation at one or the other place must be 
erroneous. Thte observations at the London Docks are made (at the place of the 
letter rl^ l»v a person who notes thr tinre when the water has bejriin to fall, that 
tins made its mark. Those at the St. Katherini; Docks are made by noting upon a 
sluie (ruled for the purpose) the height of the water every minute for a short time 



Uigiiiztxi by Google 



HR. LUBBOCK ON TIDB 0BSR11TATI0K8. 



877 



before hit;}) water is expected, all which is afterwards copie<l into a book ruled in 
the bainc inuoner, and the time of high water, witli the height, is easily inferred. 
The height is asoertuned by means of a rod or tide-gauge, connected with a float, 
which is placed in a chamber, into which the water enters through a eolvert, so that 
the ripple or agitation of the water in tlie river is avoided as much as possible. A 
clock, carefully rrrriilated, stands close at hand This plan has been adopted at 
my suggestion, and, if the observer and the transcriber of the observation do their 
duty, it does not seem to me to be susceptible of any improvement. 

I find by examining the registers of the observations at the London and the St. Ka* 
tberine Docks, that the tide is on the average about five minutes later there than at 
the former place, and the difference in height between the lines or zero points, from 
which the rise is measured, is about five feet. Hence I formed 'I'ubles A. and B. by 
first adding five minutes to the time of high water, and hve feet to the height of high 
water given in the London DoA boolts, and then comparing the times so altered 
with those of the St. Katherine Docks. The disctepaacies exhibited by these Tables 
may be attributed to the carelessness of the observers at one or both places, or to 
the inevitatiK- difficulty of measuring with precision the quantities sought. I next 
formed Tables C. and D. by adding- five minutes to the time of liigh water given in 
the St. Katherine Docks register, and five feet to the predicted heights in the British 
Almanac, in order to compare the observalionB inth the predictions given in the 
British Almanac, and wincb are foonded upon the Tabl<», the construction of which 
I have expluned in the Pliilosophical Transactions, excluding only those observations 
wliii li, by discordance with the cotemporary observations at the I-ondon Docks and 
^ith the prediction, appear doubtful. It results from this comparison, that the average 
error of the preiUctions ci the time of high water containsd in the Britidi Alnumao 
is about ten minates, that is, when the plus and minns errors are not allowed to 
oonntenict each other. The average error of Mr. BuiiPni's lUble is about the same. 
The tide predictions of Mr. Epps are e\ndcntly founded upon the same Tables and the 
same nn-rh-i(|s with fllo^e in ^VHITE"s Epiiemeris, and do not agree q\Ute 80 well with 
observation. Tlio.se of Mr. Innis are more inaccurate. 

When the plus and minus errors are allowed to counteract each other« the average 
error of the predictions in the British Almanac being, from the observations of the first 
tix nioiithK of thhi year, —9 minutes, leads me to suspect that a change in the establish- 
ment has taken place owing' to the removal of the old Eond'm Tiridge. If I am right 
in this conjecture, it is worthy of remark how sensibly the phenomena of the tides 
are affected by any slight alteration of local circumstances. Moreover, the height of 
high water appears to he less by 9 inches than fonneity. U the pre^cted times be 
increased by 9 minutes and the heights be diminished 1^ 3 indies, the predictions 
will then agree with observation, nearly ns well as tlie observations at the London 
and at. Katherine Doclcs agree with each other. 



Uigitizeti by ioOOgle 



S78 



MR. LUBBOCK ON TlOB OBSBRTATIONS. 



Table A. 



Showing a comparison of the observations of the l^roes of High Water made at the 
London Docks, increased by five minutes, and those at the !St. Katiierine Docks. 
The observations marked with an * appear donbtfal. 
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TablbB. 

Showing a comparison of the observations of the Heights of High Water made at the 
London Dock^, inrrt ascd by five feet, and those at the &t, Katherine Dockfl. 
The obBervatioiu marked with an * appear doubtful. 
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Table C. 



Showiriir ri comparison of the observed Times of High Water at the St. Katherine 
JDocks, iiicreiised by five minntes, with the predicted Times given in the BriUfih 
Almanac. Tlie observutioas nuirked with un • appear doubtful. 
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Showing a comparison of the observecl Hcigtits of High Water at the St. Katherine 
Docks, with the predicted Heights given in the British Ahnanac, increased by 
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MB. LUBBOCK ON TIDE OB8BBTATION8. 



TabuL 

Showing- the Interval between the Apparent Scdar Time of the Mooii*b Transit and 

the Tunc of High Water, and the Height of High Water at the Liverpool Old 
Docks (as recorded by Mr. Hutchinson), corresponding^ to the Apparent Solar 
Time of the Moon's Transit, in each month of the year. (If Mr. Hutchinson's 
clock ma regulated accordii^ to mem solar tiin^ the interval most be diminiiked 
by the equation- of time given at foot of each month.) 
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The argument of all the Tables is the time of the Moou s transit at Greenwich, 
taken imincdiatdy from the Naatioal Almanac^ wbkSh only amountfl to nqjlectiiig 
the Moon's proper motion dnring^ twelve minutes. 

Tabu 11. (Interpobted from Table I.) 

Showing the Interval between the Apparent Solar Time of the Moon's Transit and 
the Ttme q£ High Water at liverpool Old Dock, for each month in the year. 
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Tablb TII. (Interpolated from Table I.) 

Showing the Height of High Water at Liverpool Old Docks, corresponding to the 
Apparent Solar Time of the Moon's Transit, in each month of the year. 
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Tabls IV. 

Showing the Ditference in the Intenul between the Apparent Solar Time of tlie 
Moon's Ti-ansit and the Time of High Water, and the Mean Interval, for eveiy 
inonth in the year. 
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Table V. 

Shovring the IMfference in the IIe;<r)it *jf Fli^h Water and the Mean Height for every 

uiuuth in the year. 
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Tlw quantities in this and the prtctdtn^ Table are diivJUf owing to the correctkm 
for the MitoHn Declination. 
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Tabu VI. 

Showing the Interval between tbe Apparent Solar Time of the Moon's Trans^ and 
the Time of High Water, and the Height of High Water, at the Liverpool Old 
Docks, corresponding to the Apparent Solar Time of the Moon's Transit, for evny 
uiioute of her Horizontal Parallax. 
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Tablk \ hi. 

Showing the Diftereuce in tl»e Interval between the Time of the Moon's Transit and 
tbe Time of High Water, and the Interval corresponding to fifty-seven minutes of 
the Moon's Horiioiital Pandlax. 
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Table IX. 

Showing the Difference between the Height of High Water and Ihu Height corre^ 
sponding to fifty-seven minutes of the Moon's Horizontal Parallax. 
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+ -fiS 


+ -96 




sao 




- Sf 


.41 


0 


+-41 


+ *1 


+ 74 




ss» 




- 


-•» 


0 


-1-40 


+ 4S 


+ -KU 


+1-27 


loss 


- «60 


- "17 


—07 


0 


+m 


+ •» 


4.140 


+147 


11 so 


- -JO 


- -SI 


-41 


0 


+40 


+ « 


+I4S 


+l<tf 
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TablkX. 

I^owing the Interral between the Af^arent Solar Time of the Moon's Transit and 
the Time of High Water, and the Height of Fligh Water, at the Liverpool Old 
DockSj corresponding to the Apparent Solar Time of the Moon's Transit, for every 
three degrees of her Declination north and south. The Equation of Time to be 
added to Apparent Hme. 



!8 


lO W M. to 1" W South Dnclination. 


11 


1« rW to 4' aC North Drclination. 


1 
i 


3 

> 

i 


4<> 30* lo 7° 3(y North Declination. 


Moon*! 
Ttuitll. 


of Tine. 


InlCTT*!. 


TW*. 


Kor. 


H 


Trari-it 




Interral 


Hrlfhl 

of 
TUIr 


Hor. 


Monn'A 
1'ruult. 


Egitttlon 

or 'I'liBc. 




HrlRht 

or 

I! in 
1» 2-0 
18 S-9 
17 8-5 
16 4-7 
15 (W) 
13 !M 

12 8-2 

13 2-4 
13 5-9 

15 2-1) 

16 8-6 
17 


Hot. 
P»r. 


iH 
lo 
iii 
SI 
46 
44 
39 
4« 
47 
46 
&S 
40 


j h en 

1 29-5 
■ i ^-7 

3 98-2 

4 31-3 

5 ao-9 

6 30-6 

7 29-7 

8 28-5 

9 28-6 

10 33-3 

11 Ml 


tn 

-I- 2-:. 

■+ 6<) 
-r !* -2 
+ 8-8 
+ 6-1 
+ 2-8 

- 2-3 
_ 6-8 

- 91 

- 9^3 

- 6-5 

- »8 


h m 

I 1 2--'-2 

II >vO 

10 im 

10 39-3 
10 31-4 
10 84« 

10 64-8 

11 233 
11 46-8 
II 53 8 
11 47-8 
U 3S-5 


ft. in, 

IS 40 

i« a.t 

10 9-i 
15 0-1 
14 1-3 

13 0^9 
12 II-O 

14 13 

15 1-6 

16 10-5 
16 lU-3 


'r.V-fl 

.'.7 1 
w7-<i 
W-1 

156- 8 

157- 0 
56-8 

56- 8 

57- 0 
57-1 
57-3 
57-9 


51 

1 il 

54 
50 
42 
49 
43 
47 
13 
50 
45 


Il rn 

i;-3 

1 30-0 

2 29-2 

3 33 2 

4 30-2 

5 31-0 

6 29-5 

7 29-0 

8 27-3 

9 27-6 

10 27-5 

11 25-3 


Dl 

+ 2-2 
+ 6-3 
+ 8-2 
+ 8-6 
+ 61 
+ 2-6 
+ 2^1 

- 6-6 

- 7-9 

- 8-9 

- 6-4 

- 8-7 


h in 

11 21 1 
II 5-7 
10 51-4 
10 37-5 
10 28-1 

to a'.-j 

10 54 0 

11 2.1-6 
11 47-0 
11 50-1 
11 44 2 
11 37-4 


ft. in. / 
18 3 5 57-2 
18 3-7 .57-1 
17 1-1 57-5 
16 4-5 570 
15 2-1 56!l 
13 7-4 56-7 
13 1-C 5«-!t 
13 2-9 571 
13 l<H)57-<» 

15 5'6 57-4 

16 8-4 57-0 

17 7-B fl7-.-l 


55 
47 
48 
48 
46 
42 
4.) 
45 
44 
53 
46 
50 


h m 
31-3 

1 30-0 

2 30-9 

3 29-1 

4 31 -H 

5 31-3 

6 31<S 

7 30-0 

8 31-1 

9 2H-2 

10 33 8 

11 310 


a 

+ 1-6 
+ 6-5 

+ 6-8 

-1- 7-» 
+ 5-5 
+ 2-3 

- 2-8 

- 5-2 

- 7-2 

- 7-7 

- 5-3 

- 1-7 


h ■ 

11 190 

II 5-7 
10 50-4 

III 38-6 
10 3 10 
10 42 1 

10 52-6 

11 24-2 
11 49-9 
II 53-8 
11 46-7 
11 34-3 


57-3 
57-2 
57-1 
5«« 
570 

56- 7 

57- 3 

58- 2 

56- 4 
571 

57- 3 
57-5 




cliniKl'nri. 


4* aC to 7° South DfcUnaiiou. 




' 52 
41 
48 
41 
41 
45 
49 
44 
4j 
54 
47 
54 


a«-4 

1 30-5 

2 30-9 

3 31-9 

4 29-3 

" fi 2tr o 

C .101 

7 XM 

8 ;!2 4 

9 atrt* 

10 28-5 

11 31-1 


-1- 3-0 
+ 70 

+ «•> 
+ 8-3 
+ 6-6 
+ 2-3 

+ 11 

- 65 

- «-l 
_ 8-fi 

- no 

- 4-6 


11 lH-3 18 Hi) 
11 »«,18 3-5 
10 40«a7 7 1 
IO«M>ie 6-2 
lOSlil'IS 5 3 
10 34 5 n <t l 

10 53-5 12 11 1 

11 271 13 II 1 
11 41-3 13 1 '! 
11 54-4 1 15 3-8 
11 41-8 16 8-0 
U 34-8,17 W» 


.577 
580 
57-5 

56- 7 

57- 2 

.-.7-0 

:,7-:i 

a6-7 
57-3 
574 


53 
43 
46 
44 

45 

47 
.M 
.■.0 
lU 
4H 
4fl 
.52 


29-8 

1 31-3 

2 31-3 
2 32-0 

4 30-0 

5 27-0 
•! 29-4 

7 r«»-i 
.» 2:<'0 
;i .■it :» 
1(1 ;io-:{ 
11 30-2 


+ 2-5 

+ (;■*) 
t- s-o 
+ 7-9 
+ 5-0 
+ 31 

- 2-1 

- 51 

- 6-8 

- 7 -5 

- 6-6 

I- 


11 20-4 18 0-0 
It 5-2 18 6-0 
10 50-4 17 8-7 
lOM-S ltt 6-4 
10 axils 5-2 
10 32-7 14 1 4 

10 51-0 12 10-3 

11 216 12 11-5 
11 47-0 1 13 lOHl 
11 54S|I5 6 3 
11 44-9|I6 lis 
U aS^|18 tut 


57-3 
57-6 
57-6 
57-3 

56- 8 

57- 0 
570 
57-0 

56- 9 

57- 2 
57-8 
57-7 








MP aVtft 13^ 90^ Kortb JMiuiioa. 


1 13P90'MlS<'«yNaHfcDMliiiMNii. 


52 
54 
50 
55 
54 
45 
51 
4H 
4H 
58 
.■il 
47 


h GO 

30-1 

1 30-7 

2 29-7 

3 27-8 

4 29-7 

5 28-9 

6 27 5 

7 27-8 

8 31-7 

9 30-2 

10 Xi 

11 ;n»s 


ni 

+ 1-3 
+ 4-3 
+ 6-0 
+ 5-9 
+ 5-1 
+ 1-2 

- 15 

- 43 

- 66 

- fi.? 

- 1 

- 11 


h m 
11 20-3 
11 4 7 
10 49-2 
10 41-5 
10 30-3 
10 32-1 

10 49^7 

11 22-5 
11 45-2 
II 54-8 
II 46 4 


ft. tn. 
18 11 
IH 2 1 
17 51 
16 5-2 
14 11-3 

13 9-4 
12 8-3 
12 7-2 

14 1-7 

15 1-3 

16 6-7 

17 7-9 


r'7\ 

.'.7 2 
a7"»3 i 
56-6 
66-7 
564 
56^ 
56-5 
571 1 

56- 7 

57- 3 
5641 


.'.4 
M 
45 
53 
51 
57 
54 
TfO 
59 
59 
00 
61 


il 111 

I .•t2 ;i 
i 31-7 

3 29-9 

4 30-7 

5 30-4 

6 30-4 

7 27-4 

8 30-0 
0 30-5 

10 2»-l 

11 ?70 


m 

+ 12 

+ 2-3 
+ 3-8 
+ 3-9 
+ 2-6 
+ 13 

- 1-2 

- 2-3 

- 4-2 

- 2-4 

- 2-6 1 
-1-4 I 


Il m 
II 10-3 
11 8-4 
10 48-8 
10 35-3 
10 2SO 
10 27 4 

10 48-0 

11 201 
11 48 5 
11 52-0 
11 48-5 
11 36-6 


11 III 
IK 01 

17 lfr2 
17 4-5 
16 0-4 
14 10-4 
13 6 -3 

12 4-6 

12 6-5 

13 77 

14 112 

16 2-6 

17 2 5 


.■i7-3 
.■.i;-2 

568 
567 
56-7 

56- 5 
36'5 
565 

57- 41 
569 1 
56-8 


58 
.-.1 

67 
71 
75 
72 
69 
63 
64 
71 
70 


h m 
31-6 

1 2HII 

2 2h-a 

3 27-6 

4 28-8 

5 29-0 

6 30-6 

7 32 2 

8 31 4 

9 31-3 

10 29'4 

11 32 5 


m 

4. I >1 
0-0 
4- l i 

+ 0-1 
+ 0-1 

4- 1-0 
0^ 

- 1-0 

- 0-3 

_ 0-4 

- OS 

y« 


fi in 

11 18-8 
11 3-1 
10 47-3 
10 33-2 
10 25-2 
10 27 1 

10 44-7 

11 20-8 
11 460 
H .'■.2-« 
1 1 41; 1; 
11 34-1 


rt. iTi. 

17 y-ti 

17 7-8 
16 10-8 

16 1-7 
14 81 
13 2 1 
12 31 

12 16 

13 4 '3 

14 n -.i 

ii; 1; 1 

17 11 


56-7 
56-7 

55- 8 

56- 5 
56-4 
56-2 
56-4 
563 
56-7 
.'«■(> 
.■.i;h 
36-8 


7 ^ SO" to la ' tuy South Ui-cliimtion. r 


\i.P ;>:Y South Orrlination. 


13" n>' to \f.'' .W South DwlinaiioH. 


43 

5a 

52 
51 
40 

■iti 
li 
46 
54 

50 


1 290 

2 30-5 

3 aj-a 

4 324 

5 3«-7 

fi 

7 31-0 

8 28-5 

9 3<M) 

10 2;>-4 

11 ;tuj 


+ i-a 

(- 4-8 
+ 5-2 
+ 5-« 
M 

+ 1-1 

- 12 

- 5 -7 

- 55 

._ 4-fl 

- 19 

- 25 


n 18-7 

11 M 
10 49-1 

10 37-0 
10 29-5 
10 32- 1 

10 49-3 

11 22K) 
11 43-4 
11 62-9 
11 ifio 
11 33-V 


IH 4-1^ 
18 &-0 

17 9-2 
16 9-9 
15 1-8 
13 H" 
Ul 00 

12 6'4 

13 10-3 
15 M 
IG 7i 

18 l-» 


a7 h ; 
57-7' 
57-3 
57-4 ; 
574 

^n'j " 

57 2 
p6-9 
57-5 
57-3 
,17 -8 
57-8 


54 
57 
59 
48 

59 

.17 
.'>!• 

4a 

53 
55 
53 
65 


au-r. 

1 30-3 

2 30-5 

3 30-3 

4 28-9 

2S-7 

7 -MHi 

8 28-4 

9 30-6 

10 30-5 

11 31-5 


+ 11 
+ 2-7 
■i- 4 0 
+ 4 1 
+ 3 1 
+ 1-4 

- 19 

- 3-<! 

- 40 

- 3-2 

- 15 

- 12 


II 16-3 
11 1-8 
10 46-8 
10 35-5 
10 27-3 
10 29H» 

10 45-0 

11 16-6 
11 42-4 
11 IH-J 
11 4,v;i 
11 31-6 


18 4-7 
18 5-4 
17 8-1 

16 7-8 
15 1-9 
13 10-7 
12 6-6 

12 7-5 

13 7-8 
15 1-4 
h; <h> 

17 7-2 


j/-y 
57-8 
57-7 
57-4 
571 
57-3 
57'« 
57-5 
57-3 
57-7 
.■.7-7 
57-8 


m 

61 
60 
62 
60 
64 
58 
61 
73 
63 
67 
541 


31-2 1 

1 31-2! 

2 29-2 

3 30-6. 

4 30-5! 

5 29-0 

6 30-6 1 

7 30-2 

8 31-0, 

9 31 5 

10 30-7 1 

11 30-7, 


0-0 

- 0-1 
+ 0-6 
4. 0-4 
+ 07 

+ o-:i 
00 

- 0-8 

- 0-9 

- 1-1 

- 0^3 
+ 0-i 


H 15-2 
11 

10 4S-«I 

10 32-6 
10 23-5 
10 2.'.-0 

10 42 Ij 

11 14-9 
11 40-6 
11 47-9 
11 42-2 
11 29-5, 


18 2-5 
18 2« 
17 fr6 
16 4-8 
15 1-7 

14 1-0 
12 7 5 

12 7 9 

13 6-3 

15 l-fi 

16 7(» 

17 4-6 


580 
58-5 
57-6 
-.7-5 
57-3 
57-1 
57-3 
57-5 

57- 4 

'.r-H 
•,7:1 

58- 0 
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Tablb X. (Continued.) 



Ill 


1^ 90^ to 19° Kgrth DtdiMUm. 


Z'gF 


19" SO* 10 22° 30' NoMli Dcrlinstion. 


TVmaltt. 


Equation 
o<11ia». 


InUcvil. 


HrjcKt al 
TSil*. 


Hot. 
F»r. 


Ttmtl. 


tOlBi. 








93 
95 
97 
33 

IW 
94 
95 

106 
W 

ins 

95 
91 


h a 

S2'6 
1 3I« 

3 31-3 

3 .*K»-8 
i .Mil 

5 30-7 

6 29-5 

7 310 

sail 

» S8'8 
10 

11 SM 


m 

- 0-4 

- 3^) 

- 4-0 

- 3-8 

- 2 « 

- 15 
+ 0-9 
+ 3-7 
+ 3-3 
+ 4-2 
+ !•• 
+ M 


k B 

It 18-4 
11 1-0 
10 45-9 
10 31-0 

10 317 

10 31^ 

10 41-5 

11 16-8 
1 1 44 8 
11 53'8 
11 

11 m 


ft. in. 
17 1-0 
17 3-1 
16 8-7 
15 10-9 
14 4-3 
12 9-S 

11 10-5 

12 0-0 

13 30 

14 70 
U 11-0 
» M 


56-3 
56-5 
56-5 
56-1 
56-1 
56-0 

55- 8 

56- 8 
56-2 
56-3 
»M 

m 


62 
61 
56 
72 
64 
67 
70 
63 
63 
65 
« 

a 


b B 

31-0 

1 33-1 
3 31-0 

3 3M 

4 29-9 

5 28H) 

6 30-1 

7 320 

8 28-8 

9 39-8 
10X84 
11 SM 


m 

- 1-7 

- 3-6 

- 4 1 

- 41 

- :;-6 

- 0-3 
+ 0-8 
-1- 3-4 
+ 43 

; + 3-7 

+ 94 
+ 14 


b m 
11 IW 
10 557 
10 39-4 
10 38il 
10 177 
10 17-8 

10 33 6 
U 7-2 

11 367 
11 457 
11 

11 M-fl 


ft. in. 
17 9-7 

17 .'1 1 
17 2 0 

16 I'j 

14 no 

13 5-0 
13 2-7 

12 2 -5 

13 3-6 

14 6'4 
1« 9-1 

17 »1 


s'8-4 
5S-0 
.'■R 1 
67 '5 
hi* 
S7-4 
57-6 
57-8 
577 
57-2 
<«-l 
CM 


W^aiV»ltfiaBf Souih DcclIiMtion. 


I9<* 30^ 10 SS* SC/ South OcclinatloD. 


«3 
S4 
87 
93 
96 
98 
100 
9i 
91 
80 
88 
M 


2»-9 

1 30-1 

2 38-6 

3 29-0 

4 30-3 

5 30-5 

6 31-7 

7 31 1 

8 31-6 

9 31-2 
10 39-0 


- <H> 

- 30 

- 3 -3 

- 4-1 

- 3-3 

- 0-7 
+ 1-0 
+ 3-0 
+ 3-1 
+ 4-4 
-f 3-8 


11 2-4 

10 b6-n 
10 i2-3 
10 3S'3 
10 21-4 
10 18'8 

10 35-5 

11 8-6 
n 36-4 
11 42-8 
11 391 

u sn 


17 11 2 

18 3j 
17 9-9 
16 0-1 

11 IfK"! 

i,t 7-:, 

12 9-9 

13 7'9 
13 80 

15 3-5 

16 57 

11 fi-a 


m-i 

583 
58-4 
57-8 
57-5 
57-5 

57- 9 
67-9 

58- 0 
58-3 


65 
67 
71 
70 
74 
64 
75 
65 
6X 
67 
67 

« 


30-3 
1 37-8 

4 30-7 

5 32-5 

6 ,-|0-7 

7 I'H'.l 

8 29 7 

9 28-7 

10 31-8 

11 SI4 


- 0-8 

- 40 

- M 

- 8-6 

- 34 

0-8 

+ '■•■f 

+ 

+ *-5 
-i- 3-4 

+ w 


11 15-4 
11 Oni 
10 41-4 

10 28-6 
10 W 
|i» 1-1 

10 m:. n 

11 i-i 
ii 447 
1 1 48-8 
11 45-0 

11 a»o 


17 1-3 
17 0-4 

16 5-6 
15 9^ 
H 15 
\i n-2 
1 1 .12 
11 74 
U 7-5 

14 5-7 

15 8-5 
IC M 


56-9 
56-5 
56-7 
566 

5t!l 
.■iCI 
S«> 1 
572 
666 
SM 










22^ ay lo 'JS° .x/ NiJith Deelinatioik. | 


Above 25" %\' North Dv-cliMtioa. 


48 
57 
45 
54 
51 
56 
54 
52 
61 
50 

58 


h m 
30-8 

1 33-3 

2 82-0 

3 29-5 

4 30<» 

5 29-2 

6 31-9 

7 27 4 

8 34-6 

9 30-2 

10 90-5 

11 30-3 


m 

- 1-3 

- 4-7 

- 6-6 

- 6-0 

- 5-5 

- 0-4 

+ »•> 
+ 4-9 
+ 51 
+ 7-3 
+ <■< 
+ > 4 


h m 

a 7-6 

10 518 
10 35 -4 
10 23 5 
10 13-5 
10 14-0 

10 39-9 

11 2-5 
11 29-8 
11 38-5 
11 S5-S 

n ^ 


a In. 

17 5;( 

1 7 H-'J 
17 4-4 
16 S-S 
IS 0-3 
13 57 
19 17 
11 114 

13 2^1 

14 11 1 
» 117 
M 9<i 


58-7 
S8'8 
S8'5 
58-2 
58-3 1 
h77 1 

r-77 

58-0 
58- 1 
58-8 
58-5 
58-0 


43 
45 
49 
51 
59 
53 
68 
54 
51 
44 
47 
41 


h m 

31-4 
1 28-7 
3 31-8 

3 31-0 

4 32-5 

5 33-1 

6 29-8 

7 31-4 

8 30 5 

9 30-3 
10 28 9 

u ao-4 


m 

- 39 

- 5-8 

- 7-7 

- 7 -5 

- 6-9 

- 17 
-f 1-9 
+ 5-S 
■1- 8-5 
-f 7-6 
+ 6-0 
4- 3-3 


h m 
11 11-5 
10 55-0 
10 35-5 
10 22-6 
10 9-8 
10 9-7 

10 25-4 

11 6<« 
11 44-3 
11 51-0 
II 43-2 
11 300 


(L Ml 

16 4-2 
16 1-4 
15 11-5 
15 1-0 
13 7-» 
18 3-7 
10 9K) 
10 IfrO 

12 1-6 

13 8 -3 
15 OH) 
15 fr3 


56-8 

se-s 

56-3 
56-3 
56-1 
56-3 
56-1 
56-5 
53-9 
56-3 
5«-2 
56-4 


3^ scy u 950 90^ aootli DMlfawdon. 


Abot* IS* SO' SMrih DvAniiM. 


57 
£2 
61 
SO 
65 
50 
63 
60 
62 
57 
52 

:>i 


31-9 
I JlO-8 

•J . ) ■-• • 1 

1 .MiO 

St :m-f> 

6 ax s 

7 33 -3 

8 90-8 

9 33-4 

10 -.nt o 

1 1 : : 


- 1-8 

- 4-8 

- 6-3 

- 5-7 

- 3-6 

- 1-9 
+ M 
+ M 
+ 6-3 
+ 6 1 

+ .r.-! 

h 1 '4 


11 18-1 
10 57-4 
10 40-2 
10 36-1 
10 15-4 
10 12< 

10 90-1 

11 18-0 
11 44-1 
11 52-7 
11 4fi-H 
II DO -' 


16 S-l 
16 S-6 
16 0-H 
IS 57 
13 11-9 

13 6-4 
11 3-6 

11 3-9 

12 6-9 

14 2-3 

15 1-3 

16 4-0 


561 
661 
56-0 

55- 7 
559 
55» 
573 

56- 3 
560 
56-0 
56-3 
66'8 


43 
41 

4.1 
49 
50 
53 
59 
47 
52 
42 
44 
37 


28-5 

1 ,100 
•i 

3 30-7 

4 31-8 

5 28-8 

6 99-2 

7 291 

8 30-0 

9 29-7 

10 32-7 

11 30-4 


- 2« 

- 54 

- 75 

- 7-9 

- 6-7 

- 1-9 
+ 1-5 
+ 6-0 
+ 7-3 
+ 8-6 
+ 6-1 
+ 2-9 


11 6-9 

in .wo 
10 .'u :t 

10 it)-9 
10 9-5 
10 8-1 
10 824 

10 64-a 

11 3(H> 
11 4IWJ 
11 35 i > 
11 20-0 


17 35 

17 ."•« 
17 «vi 
lli 1*0 
14 8-2 
13 28 
11 0« 

11 m 

19 10-9 
II 3-6 

1j (".<» 

Ifi .'. ii 


58-3 
.-ift-4 
.IS I 
58-0 
577 
57-7 
il-A 
5N> 

57- 8 

58- 2 



lu forming tins Tables it bm been asflumed that Mr. HovCHiNMmV dock was 
related according to apparel solar time t if it was regulated according to mean 
solar tini«, tbe interval must be £mittt^ed by the equation of time given in the 
third column. 
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Tablb XI. (Interpolated fh»n Table X.) 

Showing the Interval bet veea the Apparent Time of the Moon's Tranrit and the Time 
of High Water at the Ximpool Old Docks for every three degrees of her DecB- 
naUon north and south. 
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Tablb XIL 



ShowiDg the Interval between the Apparent Time of the Moon's Transit and the Time 
of High Walter at the Liverpool Old Dodss for every three degrees of her Deeli> 
nation north or south. 
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Table XIII. 



Showing the Diffei*ence in the Interval between the Apparent Solar Time of the ^^oon's 
Transit and the Time of High Water, and the Interral correspondiog to fifteen de- 
grees Declinfttion, for every three degrees of her Declinfttion north and south. 
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Table XIV. 

Showing the Difference in the Interval betwet n the Apparent Solar Time of tlie Moon's 
Transit and the Time of High Water, and tlie Interval corresponding tu fifteen de 
greesi Declination, for every three degrees of her Declination north or south. 
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Tablr XV. (Interpolated from Table X.) 

Showing the Hdgbt of High Water at tlu- Liv erpool Docks for cvciy three d^rcci 

of the Moon's Declination north an// south. 
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Table XVI. 

Showing the Height of High Water at the Liver))oo] Docks for every three degrees 

of the Moon s Declination nor tit or buuth. 
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Tamji XVIL 

Showing the IKflerence between the Hnglit of Htgfa Water and the Height cone- 
spondiag to fifteen degtees of the Moon*s Declinatioii, for eyery three d^;reeB of 
her Bedinatkm north and wattu 
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Taslb XVIII. 

Showing the Difference between the Height of Higli Water and the Heigbt corre- 
sponding to fifteen degrees of the Moon's Declioatlon, for every three degrees of 
her Declination north or south. 
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Ttthk IF. has been formed on the supposiHon thai Mr. IIutchimson's clock was 
r^^lated aecordaig to A^areni Solar 7?m«. ne followiug 

Table XIX. 

ResnltB from "IDible 1., if Mr. Hutcrimmin*^ clock was related according to Mean 
Solar Time, showing tlie Difference In the Interval between the Mean Solar Time 
of tlic; Moon's Tran>>it and the Time of High Water, and the Mean Interval, for 
every mouth in the year. 





January. 




M*frh. 






June. 


juJr. 


AutusL 


6«Vt. 
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No*. 


D«c. 


k m 


D 


■n 
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m 


in 




m 


in 


m 

+ 16-7 


m 


m 


30 


-18-3 


-13-7 


- 6-5 


+ «-8 


+ 3-9 


- s** 


- 8-5 


- 3-4 


+ 8-5 


+ 16-2 


00 


1 :io 


-n-2 


- 7-3 


- 5-6 


+ 0-7 


-(- 1-6 


- 4-8 


- 7-7 


+ ors 


+ 7-3 


+ 15-« 


+ 12-9 


- )-6 


2 30 


- 7-7 
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- 4-5 
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- 4-3 


+ 3-3 
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+ 0-3 


3 30 


- 4-6 
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- 1-4 





- 2-0 
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+ 7-6 
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-9-8 
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-0-8 
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+ 12'0 


6 30 


— 1>4 


-17-8 
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-8-7 


+ 5-0 
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+ 6-9 
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+ 14-8 


+ 16-4 


7 SO 


— S'O 


-21-0 


-17-4 


+ 0-2 
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- 7-0 


-1 0-1 


-41 


+ 11-5 




+ 13-7 


8 30 


-14-0 


-19-5 


- 9-8 


+ 1-8 


+ 8-8 


+ 1-9 


- 7-9 


- 8-7 
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+ 17-9 


+ 20-5 


+ 7-4 


9 30 


-15-5 


-14-5 


- 9-0 


+ 3-6 
+ 4-2 


■f- 6 0 


- 1-6 


- 7-1 


- 7-6 


+ 4-9 


+ 17-5 


+ 18-2 


+ 1-7 


10 .to 


- i.v; 


— 1 5-.1 


— s-ri 


-»- 6-7 


- 2-3 


- 9-6 


— 5-8 


■»-7-3 
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+ 17-7 


+ 2-4 


11 30 


- 7-t>| 


-15..| 
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+ 4-4 


+ 3'5 


- 3-0 
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- 5-6 


+ 8-1 


+ 17-6 


+ 16-0 


- 0-1 



Table XIII. has been formed upon the .mpposithm that Mr. HuTCRlMS0N*a dodt \ 
r^iUated accardkig to Ap^partat Solar J^me, ThefoUamng 

Tabls XX. 

Results from Table X., if Mr. IIutchinso.n's clock was reg^ulated according to Mean 
Solar Time, showing the Difference in the Interval between the Mean Solar Time 
of tiie Moon's Transit and the Time of High Water, and the Interval correspond- 
ing to fifteen degrees DecKnation, for every three degrees of her Declination north 

and soiiili. 
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- 5-7 


-100 
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0 
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0 
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— 3-3 
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0 
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0 
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7 30 


+ 8-5 


+ 9-9 
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-IS*! 
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+ 


2-0 


0 
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+ 4-9 
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0 
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+ 1-9 
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+ 5-1 




2-7 


0 
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- 0-4 


— 1-i! 




1-0 


0 


— 1-5 
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- 4-6 


- 2-3 


- 6-9 


10 30 




+ 50 


+ 7-9 


+ 8-2 


+ 


4-2 


0 


- 6-4 


- 0-9 
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Tables to be used in predicting the Time of High Water at Liverpool. 

Tabu XXI. 

Shcnrisg tin Semimeiutrual Inequality -f a constant, or the Ibtemil between tbe 

Moon's Transit and tbe Time of High Water, her Parallax being 57', and her De- 
clination 15°. (This Table ha<t been formed by interpolation from the colunm 
corresponding to Parallax 57' in Table VII.) 
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10 
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10 
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10 
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10 
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11 
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10 
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16 
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10 
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11 


46 


11 


10 


11 37 


I so 


11 


5 


3 


50 


10 


31 


6 


20 


10 


.16 


8 


50 


11 


48 


11 


20 


n 35 


1 30 


1 1 


2 


4 


0 


10 


30 


6 


30 


10 
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10 
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T.MiLK X\IL 

Showing the Semimenstrual Inequality + a constant, or the Height of High \\ attr 
St Liverpool, the Moon's Bu^Uax being 57'> and ber Declination 15% from the 
Sai of tbe Old ]>ock Gates. 
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The hDo/ottowmg TaMef kave been made igf or&teiaty idteraiktum TcMet nil. 
andXI^vn mkrtogetridt^tke irrtgulariiie$, and mag, I tMiOc, he cauuhred at 
tkauk^ ike effect vfdumget kt ike Maori* foraUaae vpoa ike Hdee at Lwerpod. 

Tabu XXIII. 

Showmif the Oomction toe the Moon's PanillMC hi the nme of High Water at 

IdverpooL 
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+ 8 


■I- * 


• 


4 


- 8 


- 1« 


11 


-I- 1« 


+ s 


+ » 


0 


- 3 


- 6 


- 10 



Table XXIV. 

Showing the Correctiua for the Moe n s P u allax hn the Height of High Water at 

Liverpool. 



Mnnii't 
Tuattt. 


a P. 54'. 


H. P. sy. 


H. P. 56'. 


H. P. 57'. 


H. P. 58'. 


H. P. 59*. 


H. P. 60'. 


h 








free 






fr«. 


0 


-MS 


- -76 


— •38 


0 


+ •:« 


+ •76 


+ 


1 


-1-25 


- -82 


— •41 


U 


+ •41 


+ •H2 


+ 1'86 


a 


— 1-40 


- -92 


-•46 


0 


+ •46 


+ ^9:2 


+ 1-40 


s 


- 1 •:>() 


- 1-00 


— •50 


0 


+ ■50 


+ J -00 


+ 1^50 


4 


— 1-50 


-l-«0 


— 50 


0 


+ •50 


+ bOO 


+ ^60 


5 


-1-50 


-1.00 


— •50 


0 


+ •50 


+ I-OO 


+ 1^60 


6 


-1-60 


-I'OO 


-•60 


0 


+ •50 


+ 100 


+ l-fiO 


7 


— 1-46 


- -98 


— •48 


0 


+ •48 


+ -96 


+ P45 


8 


-1'34 


— -90 


-■44 


0 


+•45 


+ -90 


+ 1-35 


9 


— 1-30 


- -86 


-•43 


0 


+ •43 


+ '86 


+ 1'30 


10 


-145 


- '88 


—41 


0 


+•41 


+ •S* 


+ 1'S5 


U 


-l-SO 


- •80 


—40 


0 


+•40 


+ -SO 


+1^80 
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TkefaUomi^ TM has hetn farmed from TabU XIF, 

Tabu XXV. 



Slunving the Correction for tbe Mocm's Declination in the Time of High Water at 
Liverpool, Mt, HuT0HiMftON*s CSoek um rtgitlated aeeot&ig to Afpartnt Solar 
Time. 





aPiiN. 


a* Dm. 




■»D». 1 WOK 


VDm. 




tl«llN. 






h 


m 




m 




m 




m 


m 


m 




m 




■ 


0 


+ 4 


+ 3 


+ 2 


+ 


1 


+ 


1 


0 


- 1 




3 


- 5 


- 7 


1 


+ s 


4- 4 


+ 2 


+ 


a 


+ 


1 


0 


- 2 




4 


- 6 


— 8 


s 


+ 6 


+ 4 


+ 3 


+ 


2 


+ 


1 


0 


- 2 




4 


- 6 


- 9 


3 


+ 7 


+ 5 


+ 3 


+ 


8 


+ 


1 


0 


- 2 




4 


- 7 


-10 


4 


+ 9 


+ 7 


+ 6 


+ 


3 


+ 


1 


0 


- 3 




6 


- 9 


-13 


5 


+ 11 


+ 8 


+ 6 


+ 


4 


+ 


2 


0 


- 4 




8 


-12 


-16 


6 


+ia 


+ 10 


+ 7 




4 


+ 


2 


0 


- 4 




8 


-13 


-is 


7 




+ 7 


+ 5 


+ 


:t 


+ 


1 


0 


- 4 




8 


-IS 


-18 


• 


+ fi 


+ 4 


+ 3 


+ 


2 


+ 


1 


0 


- 4 




tt 


-18 


-17 


9 


+ 1 


+ 3 


+ 2 


+ 


1 


+ 


1 


0 


- 1 




3 


- 5 


- 7 


10 


+ 3 


+ 2 


+ I 


+ 


1 


+ 


1 


0 


- 1 




2 


- 3 


— 4 


11 


+ 3 


+ 2 


+ 1 


+ 


1 


+ 


1 


0 


- 1 




2 


- 3 


— 4 



The J'uUowing Table has hem formed from luOit XyHL Although it umtld seem 
from TMe XFIt, tkai a ^^ermce 4oe$ enrt in the eorret^mfor noril omf mdft A- 
eSnaHoitfjfel lAe mtmhere in the latter Table are to kregnlar at abmut to defy anty at- 
tempi to reduce tkem to vM^omuly, 

Table XXVI, 



Showing the Correction for the Moon's Declination in the Height of High Water at 

Liverpool. 



















n«DM. 






h 


ftn. 


r««c. 


r««<. 






fKt 




felt. 


tt*L 




0 


+ •40 


+ •32 


+■24 


+ 16 


+ •08 


0 


—•25 


—•50 


—75 


— J. 00 


1 


+ •55 


+•44 


+ •33 


+ •22 


+ •11 


0 


-•25 


- - jo 


—75 


— 100 




+•64 


+ •52 


+ •39 


+ •26 


+ 13 


0 


-•19 


-•:i7 


-•56 


- -75 


:! 


+ •60 


+ ■48 


+ ■36 


+ •24 


+ 13 


0 


— ■\> 


~-2b 


-■37 


- -30 


4 


+ •40 


+ •32 


+ •24 


+ •16 




0 


-10 


~ -iO 


-•30 


— -40 




+ ^3H 


+ --'9 


+ -J1 


+ ■14 


t -or 


0 


—16 


.gg 


—48 


- •es 


6 


+ •50 


+ •40 


+ •30 


+ •20 


+ •10 


0 


-•21 


-•42 


-•63 


- •85 


7 


+ •70 


+ •56 


+ •42 


+ •28 


+ 14 


0 


-•22 


—•44 


-•66 


— •go 


8 


+ •60 


+ •48 


+ •36 


+ •24 


+•18 


0 


-•20 


-•40 


-•60 


- -80 


9 


+•50 


+ •40 


+ ■30 


+•20 


+•10 


0 


—•14 


-•28 


-•42 


- •« 


10 


+-4e 


+ w 


+-«4 


+•16 


+••8 


• 


-•14 


—•88 


— i2 


- •« 


» 


+*ae 




+•18 


+•18 


•i-e6 


0 


—17 


— S4 


—•51 


— i?© 
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Index to the Tablu formed from Mr. Hutchinson's Obtervations. 

Jk firming these Tables it has been assumed that the Observations u-frc recorded in 
Jjtpnrenf Solar Time. The Time of the Moon's Transit at Grenmic/i, ivhivh constUvUt 
the principal argument of the Tables, u alm^a given in AppareiU Solar Time, 

Table I., slin\v inj,^ the Interval between th(t Apparent Solar Time of the M4Nm*8 
Transit and tlie Time of lligli Water, and the Height of High Water at the Liver- 
pool Old Docks (as recorded by Mr. Huixihinson), corresponding to the Apparent 
Solar Time of the Moon's Transit, in each month of the year. (If Mr. Hi/tchinson's 
clock was regulated aooording to mean aolar time, the interval most be SmmtAed 
by the equation of time given at foot of each month.) 

Table II. (Interpolated from Table I.), showing the Interval between the Appaicnt 
i^lar Time of the Mnnn's Transit and tbe Time of High Water at Livecpool Old 
Donks, for each month in tiie year. 

Table III. (Interpolated from Tabic I.), showing the Height of High Water at 

Liverpool Old Docks, corresponding to the Apparent Solar Time of the Moon's 
Tiransit, in eaob month of the year. 

Table IV^., showing the Difference in the Interval between the Apparent Solar 
Time of the Muon's Transit and the Time of High Water, and the Mean Interval, 
for every month in the year. 

Table V., showing the Dillei'euce in the Height of High Water and the Mean 
Height for every month in the year. 

Tsble VI., Aotnng the Intmal between the Apparent Solar Hme of the Mo<m's 
Transit and the Time of High Water, and the Height of High Water at the Liver- 
pool Old Docks, corre<iponrliri to the Apparent Solar Time of the Moon's Transit, 
for every minute of her Horizontal Parallax. 

Table VII. (Interpolated from Table VI.) 

Table VIII., showing the IMITerenoe in the Literval between the Time of the Moon's 

Transit and the Time of High Water, and the Interval correspODdiiig to fifty-seven 
minutes of tlie Moon's Horizontal Paralhix. 

Table IX., showing the Difference between the Ileidit of High Water and the 
Height corresponding to titty-seven minutes of the Moon's Horizontal Faruiiax. 

ThUe X., showing the btervsl between the Apparent Sdar Tine of the Moon's 
Tkansit and the Thne of High Water, and the Height of High Water at the 
laverpool Old Docks, corresponding to the Apparent Solar Time of the Moon's 
Transit, for every three deirree« rf her Declination north and south. The Equation 
of Time to be added to Apparent Time. (lu forming this Table, it has been assumed 
that Mr. Hutchinson's clock was regulated according to apparent solar tuue ; if it 
was regulated according to aiem solar time, the interval must be MadmAed by the 
cqnal»m of time given in the tbSrd column.) 

3q3 
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Table XI. (Inter]>olated from Table X.), showing the Interval between the Apparent 
Time of the Moon's Transit and the Hme of High Water at the Liverpool Old Docks 
for every three degrees of her Declination north and south. 

Table XII., showing the Interval between the Apparent Time of the MoaaTs Tran^ 
and the Tune of High Water nt Hbe Liverpool Old Docks for evety three degrees of 
her Declination north or south. 

Table XIII., showing the Difference in the Interval between the Apparent Solar 
Time of the Moon's Transit and the Time of High Water, and the Interval corre- 
sponding to 15" Declination, for every three degrees of her Declination north and south. 

l^ble XIV., showing the IXfferenoe in tiie Interval between the ApganaA Solar 
Time of the Moon's Transit and the Time of High Water, and the Interval corre- 
sponding to 15° Declination, for every three degrees of her Declination north or south. 

Tabic XV. (Inforpolated from Table X.), showing the Height of High Water at 
the Liverpool Docks tov every three degrees of the Moon u Declination north and 
south. 

Table XVL, showing the Height of Ifigfa Water at the Liverpool Dochs for every 

three degrees of the Moon's Declination north or south. 

Table XVII., sliowing the Difference between tlie Height of High Water and ibe 
Height corresponding to fifteen (h s^; ei s of the Moon's Declination, for every three 
degrees of her Declination north and south, 

lU>le XVIIL, showing the Dilftrcnce between the Height of High Water and the 
Hdght corre^pondiog to flftesn degrees of the Bf oon*s Detonation, for every three 
degrees of her Declination north or south. 

Table XIX. results from Table I., if Mr. Hutchinson's Cloek was regulated ac- 
cording to Mean Soku Time, showing the Difference in the Interval hetwe«'ri the 
Mean Solar Time of the Moon's Transit and the Time of High Water, uud the Mean 
Interval, for every month in tihe year. 

Table XX. results from Table X., if Mr. Him!Biiisoii*e Ctodc was regnhled ac- 
cording to Mean Solar Time, showing the Difference in the Interval between the 
Mean Solar Time of the Moon's Transit and th*' Time of High Water, and the In- 
terval corresponding to 15° Declination, for every three d^rees of b&c Declination 
north a»d south. 

TaMe XXL, showing the Semimenstroal Inequality + a oonstaiit» or tiie Interval 
between the Moon's Transit and the Time ef High Water, her Pwallaac being 57', 
and her Declination 15^. (Tliis Table has been formed by interpolation from the 

column corresponding to Parfilhx 57' in Table VII.) 

Table XXII., showing the bemimenstrual Inequality -|- u cooiitant, or the Height 
of High Water at Liverpool, the Moon's Parallax being b7', and her Declination 15**, 
fioro the Sill of the OM Dock Gates. 

Table XXIIf showing the correctioa for the Moon's Paralknt in the Thne of 
High Water at Liverpool. 
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Table XXIV , showing the Correction for the Moon's Parallax in the Height of 

High Water ut Liverpool. 

Table XXV^ sboiHiiff tbe Govrectkm for the Moon's Dwdi n atiap in the Time of 
Higfa Water at Iiverpool» ^ Mr, HiiTCBiia(ni*s €3odt was r^ukaed aecerdu^ to 
Afparent Solar Time. 

Table XXVI., showing tbe Correction for tbe Mooi^'a Dedination in tbe Height of 
High Water at Liverpool. 
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XVI. Rmmiu m the difficuUif of tUstinguishing certam Gmera of Testaceous 
Mollutca ly tkeir SkeU$ alone, and an ike AwmaUes m t^ard to HakitaiiM 
obterved m certam ^tedet, jBjr John Edward Gkay, Esq, F.JLS, Sfc. 

■ 

Reeeivied Juie 11,— Read June 18. 1895. 

It has been a very common error, lioth among conch<dogisfs and geologists, to re- 
gard all shells in which no remarkable diflTerence of form and character can be distin- 
(T'lislied as inhabited by one and the same genm of animals ; and not less usual to 
,i-Miiiie that all tlie sjiocics of the same genus inluibit siiiiilur localities. Many geo- 
logists have still iurther enlarged the boundarieti of error, by taking for granted that 
all tbe fofisU sjiedes of stiells which are referrible by the characters of tiie shell to 
recent genera, must have been formed by animals which. In tbeir recent stale, pos- 
sessed the same habila as the most omnmonly observed species of the genus to which 
they appear to belong. These theories were, indeed, quite consistent with our former 
ignorance of the habits of the animals of this cla^s ; but since the works of Poli, 
Mt::i-LER, Montagl:, Lamarck, and Ci viku have iiuiiiced zoologists again to turn 
their attention, as was the practice among the older writers, to the animals of shells, 
and tbeir habits, and no longer to confine themselves, as was too often the case with 
the followers of the Unnean system of eondiology, to the study of the shells as mere 
fneces of ornament, classed without reference to their inhabitants, the acknowledged 
importance of the subject is daily bringing to our knowledge some animal unknown 
before, and adding to our stock of information facts which prove tlie fallacy of the 
opinions so hastily taken up. Thus, althong'li even at the pre<?ent day the animals of 
less than one twentieth part of the well-known spteics of shells have been ob&erved. 
— and of those which are known the greater part have been very imperfectly de- 
scribed,— numerous exceptions to the theories la question have been brought to 
light, which deserve to be collected into pne point of view, and made the subject of 
serious oonsid^tioik. 

The exceptions which it is the object of the present paper to notice may he ar> 
ranged under the two following; heads : 

1. Shells having^ every appearance of belonging to tbe same natural genus, but in- 
habited by animals of a very different character. 

2. Species of testaceous MoUusca living in very different situations firom the majo- 
rity of the known species ni the genus to which thqr bdmig, or having the fiiculty of 
maintaining their existence in several dIflRerent ntuations. 

These two dasses of excf^tions I shall proceed to notice in detail. 
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1. Qf SBiidU appamahf ^milar, but Muff^i^, m a comjMrinm ikar Ammc^f to 

In a note on my fimner paper on the structure of shells *, I pointed out the per- 
plexity in which the extreme similarity of the shells belonging to the genera Patella 
and Lottia must involve the geologist and the concholoirist, intending at some future 
time to pursue the subject further, and to show that similar difficulties existed in re- 
gard to several other genera. The two genera above refierred to an prolMbly, hoir- 
ever^ the most ramaricable example of this eomplete resemblanoe, on aocoimt of the 
extreme dissimilarity of their animals, which arc referrible to two very different 
orders of Mollusc a, while the shells arc so perfectly alike, that after a long-continued 
study of niiinerous sijecies of each genus, I cannot find any character by which they 
can be distinguished with any degree of certainty. Both genera present a striking 
discrepancy from all other univalve sbdls, in ha?lng the apex of the shell tamed to- 
wards the bead of the animal, the genera to which they are immediateily related in 
lioth the orders to which they belong ollb^g no variation in tins respect from the 
usual struct nrc of the chiss. The aL-^n^emcnt in the internal structure of their shells 
is equally complete ; yet the auirual of Pa/e//a has the branchiae in the form of a 
series of small plates disposed in a circle round the inner edge of the maiitle, while 
that ctLMia has a triangular pectinated g^ll seated in a proper cavity formed over 
the badk of the mfeh witUn the naaatle, agreeiiig in this respect with the inhabitants 
of the Trochi, Monodmtce, and Turbines, from which it differs so remaikably in the 
simple conical form of its shell. This differenre in the respiratory organs of animals 
inhabiting shells so strikingly similar is the more anomalous, inasmuch as those 
organs commonly exercise great iniiuence on the general forn\ uf shells ; a circum- 
stance readily accounted for when we reflect tliat a principal object of the shell is to 
aflbrd protection to those delicate and h^;lily important parts. 

To the practical conchologist it will be sufficient to mention Pupa and f^erOgo, 
f^lfrlnu and JVnnina, Rt.isoa and Triinratellu, as affording numerous and perplexing 
instances of the difficulty of distiuguisbiug between genera of shells, inhabited by 
very different animals. 

A nmihur iKfficulty exists with regard to SSfkonanA 9XiAAncyUtSy gaum bdonging 
to two different fomOies, one inhabiting the seapshores* fi^ile the other lives in rivers 
and brooks. The only distinction between the shells of these two genera conmsts in 
the Ancyli being generally of a thinner substance than the Siphonariie ; but this is 
by no means an adequate character, some species of Siphonaria (S. Tristensis, for 
example,) being quite as thin in texture as any Ancylus. Both have the muscular 
impression intttmipted by the canal through which the air passes to the respiiatory 
oi^ans \ yet the animal of Ancylus has long tentacles, and «yes placed as in tlie 
Iffumem, to which it is closely allied, while Sipkontaia has no distinct teatadca, and 

* VbStanfidgATaamaiam, MM, pu 800. 
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Jb these respects agrees with the equally mariue genus AmphibolOt confounded by 
Lammck with the An^uUarw, 
About fifteen yean rinoe, I irst obMrved, in the maniMB near the banks of the 

Thames between Greenmch and Woolwich, in company with fl|Mde8 of f^alvata, 
BUhyii'fi. und P'lsltlinm, a small univalve ngreeing with the smaller sptrif"^ of the 
littoral geiius Litforinu in every character both ut' shell and operculum; yet this very 
pecaliui' and apparently local species ha^ uu animal which at once distinguishes it 
Ihun the animal of that genus, and from all other Ctenobranchoas Mottiuea, Its 
tentacles are short and thick, and have the eyes placed at tb^r tips ; while the 
lAitorintef and all the other animals of the order to which they belong, have their 
eyes placed on small tubercles on the outer side of the base of the tent;icles, which 
are generally more or less elongated. Tlie shell in question and its animal were 
described and figured by Dr. Leach, in his hitherto unpublished work on British 
Jlfo/luMO, under the nam<i oiAgnmmd Qn^ana ; and as this name has been rderred 
to by Mr* JimiRS and other conchologists, it may be regarded as established, and 
that Sijnccru fwptitictt, propoised by myself in the Medical Reposltoi y, x ol.x.p. 239, 
will take the rank of a synonym. A !5econd species of this genus has lately been 
made known by Mr. Benson, by whom it was found in ponds in India. Its shell is 
banded like that of jLUbtrina 4-/tueiaia and several others of the smaller lAUonuK, 
iuid had been fipired in the Supplement to Wood*b Catalogue, t. 6. f. 38, under the 
name of Turbo Franccsia\ 

Taking this in conjunction with the preceding, we have here two instances of uni- 
valve shells apparently belonj^ing to the same genus, the one found in fresh and the 
other in salt water, but proving, when their animals are examined, to belong to genera 
essentially distinct. My nest illustratioii will ihow that a similar fact has been ob- 
served among the bivalves. 

The Myttlus polymorphus of Chemnitz is truly a freshwater spet^, having been 
first observed in the Wolga by the illustrious Pa h as. It has re* ently been intro- 
duced, doubtless with the Russian timber, (for this species, in common with the Am- 
pullariwf Paludinw, and Nerithue of fresh w ater, and the IJttoriate, Motiodonice, and 
CarUhia of salt» has the faculty of living for a very long time out of water,) into the 
Lake of Haarlem and the Commercial Docks at Rotherhithe ; in both of which it 
appears to increitse M'ith great rapidity. I am aware that Mr. Lvell has given an- 
other explanation of the mode of introduction of tliis r* mark able species ; I)ut from 
experiments which I have myself made on the animal s power of living out of water, 
I cannot hesitate in giving the preference to the suggestion advanced above, rather 
than supposing it to have made Its passage from one river to the other, across the sea, 
attached to the bottom of a vessd. The shdl in question differs from the shells of 
other Mt/tili in no character of more than specific importance ; but the animal is 
essentially distinct. In the genus Mytilus the lobes of the mantle are free tliroughout 
nearly their whole circumfei'ence, as in C/mo, CarditOf Pecleitf Ostrea, jkc. while in 
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tiie oaiinat of H^^ikts pob/morpkus they are united thraiq;fa nearly liieirwliob extend 
leaving only three small apartum,one for tlie paenge of the foot and beaid, and the 

other two for the teoeption and rejection of the water, from the contents of which the 
animal derives its sustenance. This shell must conscqticntly form a new genus, to 
which the name of Dreixsena has been appropriated l»y Van Benkukn *. As a proof 
of the importance attached to this character, it may be observed that Cuvibr coa- 
ddered the adherence or non-adherenoe of the lobm of the mantle so eamntkd a 
distinction as to found on it his division of the bivalves into families. In hn system, 
therefore, the genns Drmsiena would be placed with the family of Chamaciea, while 
the genus Mytiltts forms the type of rhe prfcp'iincr family of Mtftilac^s. The genus 
/ridina, however, and one or two others, sliow ttiat this character cannot be impUcitly 
rdied on for tlie natural olassification of animals of this class, although it forms a 
veiy good genonc mark of distinction. 

ThegeoQi JMSna-^ above rcfenod tu affords a seconil instance of this anomaly; 
for though the animals of the Iritiina and Anaihmtet differ in the adiiesion and non- 
adhesion of the lol>es of the mantles, yet the shells are so alike that they cannot be 
distinguished by any external character ; so much so, that one of the species now 
reforred to the genus by M. DisaAvaSj who irst pdnted out this peculiarity in the 
animal, was considered as an Anodtm by Lamarck. 

The animals of Cytherea, Fenus, and Feaerupis have,Bke those of most of the alUed 
genera, a lanceolate foot projf rtintr at the anterior part of the shell; while the genus 
Artemis of PoLi, which has generally been confounded with Ci/therea, from which it 
IS not easily to be distinguished except by its usually more rounded fonn, is provided 
with n crescent-shaped foot, exserted at the nnddle of the lower edges of the valves. 

Again, there is but little diflbrence in external charaeten and habit between Qr- 
deu and Piai£wn ; but the aninuds of the latter have ekmgatcd siphons tridch are 

not found in the former. 

In reference to Univulve:s it may also be observed, tliat it is frequently impos.siljie 
to distiuguish some of the genera of that class without au examination of their oper- 
cola. Tilts is the cascj for instance^ as r^jpirds the snnller and more sdUd Pahufhm, 
inhabitants of ftcsb water, and some spedes of /.Aiewtmi living on the ooast; eevrnd 
of the shells described as Paludince by Draparnauld and others appearing rather to 
belong to the latter genus. A similar difficulty exists with recpf.,.* to other IJftnrhtre 
as distinguished from PhasianeUa, and with the Ntriiinw as distmguished from the 
Neritce. In the latter case the characters derived from the operculum are so essentiai 

* Institut, 1835, p. 130 ; and Annalef des Sdcnces NaturcUea, N. S., torn. lii. p. 193. 

t Lamabck fomed Uue genvt on a specimen which h»d its hinge margin accidentaUy tubennilar and siighUj 
sMiMted; bat Ola dimeter knot foimi m Boit«fdi« apeeii^ Th* 
English coiichologists, misled by this charnctcr, have referred to the fjenus a very difTcrent African shell, with a 
long aeiies of tnnsrenc teeth on the hinge maigin, which hat ktelj been »ep«n^ by Mr. Coxkad under the 
niMafPMMtai. 
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to the discrimioattoa of the two genera, that M. Bang, looking only to the characters 
of the shell, has proposed to reunite them into one. In proof of the little attention 
that has hitherto been paid to this very important part, I may mention that three 
species referred by Lamarck to the genus Soiarium are each furnished with a different 
kind of operculum ; and it is deservlog of notice that the JMfamMtn^ eaia&id^a, 
aceordiof to the obiervationt of M. Quot^ haa an operoutmn very different firtnn the 
met ct the sheUs of that genus. 

In some shdls, again, the diflfefenocs in character arc so slight as :i1inost to thratr 
an air of ridicule on the attempt to '^fixirate them geneiieally from the strnctnre of 
the shells alone; and yet when the animal is examnipd the necessity of their sepa> 
ration becomes so iiljvious as to be immediately acknowledged. This is especially 
the case with my genus BulUa compared with Terebra : the shells of these two ge- 
neni are so simibr, that Lamakck and all other condiolo^ta have retained them In 
one group, no otlwr distincUon being obiervable except that in tiie former there is a 
more or less distinct callous band winding round the volutions just above the suture, 
and produced by a slight extension of the inner lip beyond the part of the shell oc- 
cupied by the whorl. This extcnsioii of the lip is probably deposited by the foot of 
the aninial, which in the genus BiiiUa is very large and expanded, while that of 7c- 
rebra is small and coniprettiied. This, however, is not the only difference between the 
two animals, that of the iomer genus having rather large and eyeless tentacles, while 
the Tentrm have very small and short tentades, bearing the ^es near their tips. 

A second example of a timilar Idnd is derived from the genus HoiteUana, in wliich 
Lamarck includes the Strombm Pe§ Pekemu of LinnjBus. The animal of this shell 
has been figured by Mullbr, and very much resembles that of Buccinum, having 
long slender tentacles with the eyes pessile, on the outer side of their base; while, as 
Dr. RiiPPELL m/orxu&mc, the Umtellaria curvirostris has an animal allied to SiromOu.y, 
with the eyes on very large peduncles, which give off from the middle of one of their 
sides the small tentacles. Not«dthstandlng this diflferenoe In the form of their ani- 
nials, I am not, however, aware of any essential character by which the shdl of 
Aporrhais (as the Stromhm Pes Peleemd has been genericslly named) can be distin- 
guished from the other RostellarUv. 

With all this uncertainty with regard to the generic characters of the recent spe- 
cies of shells, of which the animals can be subjected to examination, bow much must 
the difficulty of deciding their genera with certainty be enliunced with reference to 
the fossil spedes, and especially to those whidi ham no strictly analogous form ex- 
isting in the recent state. Contidentions like these tend greatly to disturb the con- 
fidence formerly reposed in the opinion that every dliforence in the form and stmotors 
of the animal %vas accompanied by marks permanently traced upon the shell, by 
which it might be at once distinguished, and which it was therefore the great oly'ert 
of the conchologist to point out. But another source of error, particularly interesting 
to the geologist, is included under my second head, to the elucidation of which 1 
shall now proceed. 

Saa 
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9. Of Species belonging to the same natural Genus, inhabiting esseniially different 

The general belief that all the apedea of (be mine genua inhabit tiie aarae kind ef 
sUoationj undoubtedly holds good with reference to roost of the genera of shells ; 

but many exc<*f>ti()i\!* have already been obferved, and we may anfic-lpate that many 
more will be (li!>c()vered as the natural habits oi the different spt;cic:i> become better 
known. la bringing together a number of these exceptions, I have been under the 
neceari^ of placing conaiderable reliance on tibe obaerrationa of otheia, who have 
noted in foreign oountriea ftcts similar to those which I have myaelf witnessed at 
home; bat these observations have bcrn chiefly collected from the works of Pro- 
fessor NiL'Jsox of Sweden, of Mr. Say of tlie Ignited States of Nortli America, and 
of MM. Lesson, Quoy, and Rang of Paris, writerh who, from their extensive know- 
ledge of concbology, are fully capable of aocoratcly recording their obaerva^na^and 
whoae statements may therdfore be received aa deaerving of the moat impiidt confi- 
dence. It is moreover to be observed, that all their observations on this subject were 
made .simply with the view of extending: the knowledge of the history of the species 
to u hich they refer, and without reference to the establishment of any preconceived 
theory. 

Theae obaervationa may be eiaased under the four following aabdiviaiona ; lat, where 
apedea of the same genua are fotmd in more than one kind of ritoation, aa on land, 

in fresh and in salt water; 2nd, where one or more species of a genus, most of whoae 

species inhabit fresh water, are foiipf! tn ^vAi or brackish water; 3rd, where, on the 
contrary, one or more species of a gemis, whose species generally inhabit the sea, are 
found In fr^h water ; and 4tb, where the same species is found both in suh and fresh 
water. 

Of the firat of these claaaea the genua Auriet^, aa defined by LAMAncx, may be 

quoted as a striking example. Of ita apedea, Scarabus and yl. mimma are found 
in dump places on the surface of the earth ; yi. Judce lives in sandy places overflowwl 
by the sea ; A. yfyosofis, A. contfonnis, A. nifms, &c. (separated by De Montport 
under the name of Conovulus,) are found only in the sea in company with Chitons, 
littarmof, and other truly nwrine ahdla ; and the South American apedea which I 
diatinguiahed aome time since under the name of OuUna, including A, Homfeyl of 
Lamarck, and A. JluviattUs of Lesson, inhabit freshwater streams, having most of 
the habits of the Lymnmc. This disparity of habitation has been in some degree 
overcome by dividing the genus into several, as noticed above ; but the characters 
employed for thdr diatinction are very slight, and species apparently intermediate 
between them are oonatantly occurring. 

The genu's Lymnaea iiaa naoally been conaldered as confined to fresh water ; but 
M. NiLssoN describes a species under the name of L. Balthlca, which is found "in 
aquft [)arum salsS. Maris Balthici ad littora Cothlandiffi et Scaniie, &c. In maris jnxta 
£[^rod fucis et lapidibus adhserens frequenter obvenit simul cum Paludind lialthicd 
et NvrUind Jiuviatiti i' and a second under the name of l^fmmta Mcdnea, which is 
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found on the shores of the sea near Trelleborg. All the species of Paludina and BUhy- 
mm wliieh have fiillea under my own obtemtion are essentially fluviatilet but M. 
NiLssoN refen in the paragraph above quoted to a spedes of the former genus inhabit- 
ing the sea. This may, however, like some of the smaller PabuSme of DiuPauKauUHi 

lie truly a LIttorfna, having a hot iiy nnd spiral, and not an annular, operculum. 

According to the observations ol my sister, Mrs. Inge, of Mr. Benson, of MM. 
QuoY and Gaimard, and of M. Lesson, the Indian species of Aerithta, like tlie Euro- 
pean, are found only in fresh water; yet M. Rano, in his Manud des MoUusques, 
p. 193, states that the Neritina viridis is a marine species found on rocks covered by 
the sea at Martinique, and that a larger variety of this species is found in similar 
situations at Mudagiiscar ; General Hardwickb marks on l>is drawing: of the Xerifinit 
crepidulariSf ihat it was found in "saltwater lakes, April 181G;" aikd Say has de- 
scribed tihe Nmtaa Mdee^pU nf LAiuacK (Tkeodoxus reclinatus. Say,) as living both 
in fresh and salt water. This is most probably the species to which Mr. Gutu»iMO 
refers *, when he observes that he has kept Neritina for some time alive in a close 
ves.sel of salt water, which they appear to purify. T!ip nniiiials of some of the tro- 
pical species often quit the strcafTi and crawl »p the tiunks of neigliboiuing trees, on 
which, like the species of LUiurma, Flanaxis, and Au^, which creep up the rocks on 
the sea-coast, tlicy attach tbemsdves, and remain exposed to the influence of tlie 
sun. It may be added, that M. Rano has found NtriHna Ataiatla in brackish 
marshes near the .sea in the Island of Bourbon, in company with Avicuhv and Jph/- 
shr ; and I have little doubt that Xentina Pupa inhabits the sea, it being oniforinly 
brought to this country in company with marine ^lielis. 

Many species of J/efonta, as, for example, M. amarula, M./asciolataf and M. lineata^ 
are found in the freshwater streams of India and its islands. Mr. Sav mentions 
species found in similar titnations in North America ; he also describes 4me (ilf. Am- 
plex) as found in a stream running through the saltwater valley near the salt-works, 
bat does not state whether the water of the stream is salt or fresh. On the other 
hand, M. Quoy asserts that they are sometimes taken in brackish water ; M. C.ml- 
LiAUO states that MeUmia Oweni is found in brackibii water and M. Rang has 
found other species in the Island of Bourbon under the same dreumstances with the 
Neritina just adverted to. The genus Melaiup$i$ has the same habits; its^pedes 
are often found in large inland lakes. I have myself received M. buccinoidea from 
the sea of Gahh-e ; and Dr. Clark, in his Travels, vol. ii. p. 24'^. fis^nrcs J/. Dufourii 
under, the name of iiuccinum Galileum. TlicM-ater of this lake, iiowever, unlike that 
of the neighbouring Dead Sea, is, according to the statement of Fui^lbr, perfectly 
fresh and sweet. M. LassoN, on the other hand, states that he found tlie i^reiut 
terebrans, regarded by M. DB Fbrussac as a Melanopsi.f, in great abundance in 
brackish marshes in New Guinea, and at the Island of Bourou. 

I am informed by Mr. Sowebbv tliat some species of the tluviatile genus Cyrena 
are found in the sea on the coast of South America; but he thinks it probable that 

* See Zoological Jounial, vol. v. p. S3. 
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the part of the sea In wbicli th^ are met with may be fresh, like certain ports of the 
ocean described by Dr. Abbl in ftiia voyage to China. It would be highly iateresting 
to procure a yerifieation of this observation. Similar phenoinenu may not be uncom- 
mon, for I have myself observed in Torbay a small space in the neighbourhood of 
Brixham, the water of which was of a different colour and much fresher than that of 
other parts of the bay. With reference to another species of the same genus, Cyrena 
Fomkomuk, M. Quoy obt^es ; Ne Fayant paa troavfie daiu lea lieux mariSw^peig, 
mais snr lea borda de la mer, il est probable qa'eUe vit k remboudiAre dee riviferea 
qui sont saum&tres h mar^e haute*.** 

'Hie third class of rases, in which species of Mollusca that arc g^enerally found in 
the sea are taken in fresh water, is mwh more rare than the preceding. It is ob- 
vious that m such instances the animal must be possessed of the capability of adapt- 
ing itself to the diifeient diaractefs of tbe two fluida. Thia capability eaate m mneb 
more highly organised animals, audi as fishes, many species of which constantly rai^ 
grate from the sea and ascend tlie rivers to deposit their spawn ; but in these caset it 
ig tite result of a regular and determinate hn!)lt. while in the MoUutca it appears to 
be entirely dependent on accidental circumstances. 

In some marshes in the Island uf Bourbon, in which the water is almost fresh, 
M. Rang haa observed specimens of 4p%w* Mair^mt in company with Niaithm 
and JIfefimm. 

The greater number of spedes of the genus Cerithium are truly marine chiefly 

livino; in sandy baj-^, like our own Cerithhim ri-tiruhihtm. M. Lesson, however, 
found C. sulcatum, and Adanson the African species tig-ured by liitn, in the pools of 
brackish water, sometimes overflowed by the sea, whicii are situated between the 
weeds and the belts of mangrove trees on the shore; and Mr. Sat observes that 
the moan species, called by bim Pyrem scaiar^armisf but which is a true CeritMum, 
is found in great abundance in the fresh water of Florida Keys. He adda: "it is 
most certainly a freshwater shell, yet it is destitute of an epidermis." 

The genus Bulla is also truly marine ; but the Rev. Mr. IIennah some time since 
presented to the British Museum spedmens of one of its species, resembling tbe Bulla 
IfyioHa^ foond by hfan in brackish pods on the coast of Chill; and Mr. Say haa de- 
scribed a Bulla flm-iatiUs foond by Mr. Aaron Stonb deeply imbedded in the mud of 

the river Delaware -f-. 

The Littnrhrr, again, are all found etthor on the sea-shore or in the ver\- brackish 
water of the mouths of rivers, except two, wiuch although described as Paludince by 
PpBiFRR and Dn Fibmissac, and fi»rmed into a distinct genns by Ziran nader the 
name of IMko^gfkut agree with Uikniim in every character of shell andopereulnni, 
and, as for as I can ascertain from the descriptions, of the animal also. These are 
the Pnhtdinn futca of PVBima, and the P, wOicoides of Da FaauaaACt they are 
truly tiuviatile. 

* Voyage de 1* Astrolabe, torn. iii. p. 516. 

t See for thu latter iiutance the Journal of the Academy of Natunl Sdeoces Philadelphia. voL ii, p. 179. 
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• These amimalies are not restricted to the univalves : bivalves have also their shore. 
Thus, llie genus Siden b gencfaUy and propmfy considered as marine % but Mr. Bbm- 

SON has lately discovered a species inhabiting the raud on the banks of the Ganges; 

and conceiving, from the nature of its habitation, that it ought to be separated from 
the common species, he has formed a genus for its reception under tlie name of No- 
mculim. On comparing, however, some specimens of the shell prcbcuteU to the British 
Maseam by Mr. Royu, I can scarcely distingaish it as a spedes horn tfie Aden 
Hamfcgft of Lamabck, wUch is finmd on the coast of Pern; and I have two other 
species, very nearly related, one from the rivers of China, and the otiier from pools of 
brackish M'ntpr on the coast of Amenra. In Uke manner M. Nilsson lias found his 
Teltina Bfilf.'iitu, which appears to be little more than a variety of tlie Tellina solidula 
of our coast, ui the hrackisit water of the shores of the Baltic. Avicula margaritifera, 
the niotber-of-peaii shell, commonly found in the ooean, has been taken by M. Ramo 
in marshes in the Isle of Bonibon in the ndlgliboarhood of the sea in whicli the water 
is nearly fresh. Specimens of Mya arenaria also are often found so high up the rivers 
that the water in which they live is brackish only durine' high tides. Tlioy -ht fount!, 
moreovnr with freshw'titcr shells on the coasts of the Baltic, while all the other spe- 
cies of tile ^cnus are found only where the water is quite Salt. 

By hit the greater part of the species of CofMu are truly marine; but there is a 
large spedes of the genus, called by Dr. Maion* Jl^a labiata, brought with fiesh> 

water shells from the mouth of the Rio de )a Plata ; and this agrees in many respects 
with the fossil Corbula Ga//{ca,wliicb occors in what are called the upper fi-eshwater 
strata of the Isle of Wight. 

The transitions to which the oysters intended for the London market are exposed 
may be mentioned as an additional illustration. Many of these are collected in Uie 
sea on the coasts of Guems^ and of France and are brought to situations in the 
mouth of the river wiiere the \vater is merely brackish during tlie ebb of the tide, 
and where tbey are consequently subjected to the alternate action of salt and brack- 
ish water twice in each day. It is even affirmed that oysters can exist in water abso- 
lutely fresh i for in the Mnseum of the Bristol Inititntion there is a large group said 
to have been dredged np In a river on the coast of Africa wliere the stream was so 
sweet as to hava been used to water the sliip. To these shdls are attached specimens 
of Cerithhtm armrthnn • and the jH rson by whom they were presented to the collection 
stated that Cardium ringcns was found abundantly in the same situation. 

The genus Cucuileea, again, is universally considered as truly marine ; but Mr. Bbn- 
scst has found In the Ganges a small shdl belonging to it, i-egarded by him as an 
Area, but on account of its firadnrater origin formed into a new genus under the 
name of Scaphula. 

On this "iibjectl may observe, that I waS some time ago informed that Area senilis 
was found in the rivers ot Africa in company with Galatea radiata : M. Cailluud, 
* Linnean Timnatctiona. vol. x. p. 3*26, t. 24, f. 3. 
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however, assures me that this is by no means the case, tbe sbells in question being* 
found near the months of the rivers, but never in the riven themselves. 

One of the most decisive facts regarding the finding of the same species of shell in 
both salt and fresh water is noticeil by Say*. Speaking of T/nwioxus rcdhintm, he 
ol)serves, " I found this speeies in jri ent plenty, inhabitiiii; St. John's river in Ea.st 
Florida, from its mouth to Fort Picolata, a distance of one hundred miles, where the 
water is potable. It seemed tn enst equally well where the water was as salt as that 
of tbe ocean, and where the intermixture of tiiat condiment could not be detected 
by the taste.** The shell in question is determined, by specimens which I received 
from my late friend himself, (to whom scieriff so deeply indebted, and especially 
for his researches into the zoology of Nortli America,) to be the Neritinu Mc/cagris, 
obtained in such abuiidunce from the West Indian Ibluiuls. Nilsson too, ati before 
mentioned, has noticed the Na^inta ^fimnaiiUa, which in this countiy is not observed 
to inhabit ditches in the neighhouriiood even of brackish water, living on the coasts 
of the Baltic, in brackish situations, in company with Lymncea Baltkica and Zh«m> 
ci»pn • and M. Rang found X'rifhui aitr'tnilafn in similar situations. 

According to the obsci'vation.s of Olivirk, the A^mpuHaria ovata inhabits Lake Ma- 
reotis, where it is taken in company with marine shells found also in the M^iterra- 
nean ; and I have ktely received (dead) specimens from the locality indicated. The 
same species was found by M. Caiujavo in freshwater lakes in the Oasis of Siwah, 
where it is called I3ozuc and eaten as food. It thxis appears to be found both in fresh 
and brackish water. Two of the species referred to this p:eTHis by Lamarck, his Am- 
puUaria AvdUina and A.J'ragilis,w:e truly marine ; but they Uiltcr from tbe others in 
animal and operculum, as well as in tbe sinoated form of the outer lip of their shell. 

The common cockle of the shops, CanRum eAUe, b constantly to be seen in the 
ditches of brackish water in the neighbourhood of Tilbury Fort, which gradually be- 
**«me more or less fresh in proportion to the quantity of rain that falls between the 
|>eriods of opening the shiices. It is to be observed that the specimens found in this 
situation are rather thinner and more produced posteriorly than those usually found in 
the sea. The species in question is also, according to NiLssm , found in the brackish 
water on the shores of the Baltic, but I am not aware whether or not it Is there sub- 
ject to a similar variation in form. Nimson observ es, however, that the marine species 
fo'Hx) in tliosc localiti«j are generally smaller than tliose found in other situations. 

Fioui tins list of exceptions to the general rules wliieh have commonly been re- 
garded at) decisive of tlie localities inliabited by recent shelih,aud of the nature of the 
deposits in which the fosnl spedes are finmd, it is manifest that those roles cannot 
safely be made use of for practical purposes irithout considerable reservation. 
* Jonnwl of tto Aod— 17 cf NiilBWil ficieacw clPMiyki1||liki, wLH. p.aS8. 
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XVII. On the supposed existence of Metamorphoses in the Crustacea. By J. O. Wkst 
WOOD, FX.S. £f Sec. Ent. Soc. Communicated by J. G. Childkbn, Esq., Hec. R.S. 

BflMinad May 25^— Bm4 Jam 18. ISSt. 

Perhafs none of the phenomena of natural history hare attracted a greater 
ahave of the altemam of mankind in all ages Aaa tiioie exhibited by insects in thdr 
passage to the perfect State, and to which it is not surprising that the name of me- 
tamorphosi's <-hr»!ild have been applied. If this were the case in the tlurlcer days of 
zoolog^ical knowledge, when the true nature of these changes was not understood, it 
is not strange tbat the subject should have lost none of its interest when, owing to 
the admiiable researdies of Rbdi and SirAmiBaiMit, Db Gain and Rbauhvb, idl of 
tlie marvelloos lias been removed, and a series of gradual developments oqioeed, fiur 
exceeding in peculiarity those exhibited in any of the other tribes of animals. 

It will not perhaps be considered out of pl ice if we here shortly frhmcc at those 
general principles which regulate these metamorphoses amongst the ^nnulosa, *' Si 
nous Youlons concevoir,** observes LatrbiixK| d'une maiu^re claire et positive le 
sens quHl font attacher an mot de mHamarpkiue, 11 est necessaire qoe nons nona £vr- 
mions mie id^e exacte de celni de Mite; car leurs significations panuasent avoir 
beaucoup d'affinit^ et U est esmiUel de les determiner anssi rigoareiMemcmt qnll est 
possible*." 

It would, however, lead us to far too great a length were we at the outset to enter 
into the question of the gradual fomuUioH of the varimia organs of ammloae animals 
from liie rete ranooeam, as ioBisted npon by Br. Hiboubt in opposition to the ge> 
nendly received opinion of Swammerdam, tbat these various oigana ar^ from the 
first exclusion of the insect from the egg, In a state of existence, but enveloped in 
various coverings which are successively cast off; although the determination of 
this question must be considered as having a material influence upon the subject 
under eondderation, more especially as it seems difficult to acconnt for the vepro> 
dndlon of the limba of tiie OiMfoeea when torn off if we do not adopt the theory of 
Dr. Heroldt. 

Every aninmted being in its pa««ap;r to the perfect development of its species un- 
dergoes a certain but varied ^cr ii s of cliiinges. In man ami most of the vcrtcbrated 
animals there is a gradual actiuu ui ttie vital forces in ditiurcut organs till they are 
fitted for rqwodnction, acoompunicd, as progress is made to tlie adult state, by tlie 
acquisition of. various appendages, as teeth, horns, puhsi^ itethers, &c. In addittoo 

* OoMi d'Eatomatogit, ^ >7I. 
MDCCCXXXV. 2 a 
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to this gradual action, the grrator portion of the f 'crfchntfa are sabjf'ct to that par- 
ticular species of ecdysis which Mr. MatLkay has termed in<(imj)let<', consisting 
simply in the integuiuents, lmir!«, hkiii, feuthen^, &lc., scaling oif piece by piece, or 
one by one, as dittiiis;aislicd irom tliat eon^ete change in the identity of the enve- 
kpe of other lesa perfect animals which prevdls in variovs degrees amongst the 
Amtulota and some few of the yertebratOtVnd by means of which the entire envelope 
of the animal is shed nt once. And here we may !if> allowed to notice t'lc rationale 
of this complete sbeddinj:^ of the envelope which so peculiarly dibtingnislies tlie Jn- 
nulosa. In them we find the internal vertebiee of the higher animals converted into 
a hard homy or cmslaceoas ertennd eovering, to the Inner snrfihce of which the 
mnsdes are attached. This oovering woold of omrse, fiwn its very nature, oflfer an 
insurmoantable obstacle against the growth of the animal, were it persistent. It is 
therefore necespary that, in order to ensure the due increase of size in the animal, 
its old covering should be cast off and a new and enlarged one obtained. And this is 
what takes place throughout the Amuhsa, the shedding of the shell of the Lobster and 
the moulting of the Caterpillar Iteing but modified examples of the same prindple. 

These modificatfons maybe rednced to three prindpsl heads, of which the Spider, 
the Grasshopper, and the Butterfly may be cited as well-known examples. 

In the first of these, the animal is produced from the egg in a form which it is 
destined to retain throughout its existence, its only change consisting in a series of 
mouUiugs of the outer envelope, by whieh an increase of sise^ but not an addition of 
new oi^gans, b acqwied. 

In the second, the animal at its exclusion exhibits the form which it retains through 
life, but it is subject to a series of moultings, during several of the last of which ceT'- 
tain new organs are gradually developed. 

In the third, tlie form of the animal at its exclusiuu trotu the egg is totally differ- 
ent from llmt in wbidh it s^^iears in its imago stst^ this change of form taking 
place during two or three of its final moultmgs, and consisting not onty in the vAite^ 
tion of the form of the body, bnt also in a complete change in the nutritive and di- 
gestive svfitems, and in the acquisition of various new organs. I'his constitutes what 
has generally been termed metamorphosis. 

Now,8ince the P/i/o/a of AaiSTorui are preeminently the types of the invertebrated 
animals, and as snob more distantly removed from the varimis groups of the VeiU- 
trota tlmn the remainder of the JSnwrfeftroto, (owing this preeminence not only to the 
superiority of their instincts, bat also to the development of organs of flight during 
the latter moultings,) it will nccp^sarily follow that those .tntutlnsa which are less 
typical, or, in other words, more nearly ullie<l to the lowest of the higher groupss ol 
animals, will not exhibit in >so remarkable a degree those metauioi phoscs which, as 
we have seen, die PHlatm so pecnfiarly nndefgo. 

Hence, dnce the organiaation of the Chukuea is more deariy analogoas to that of 
the yertehrata than that of the PiUota, we arrive at one of the clnef grounds for the 
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generally recetvcfl opinion amongst naturalists, that the transformations of the Crm- 
tacea consist merely iti the periodical shedding of the outer envelope, without any 
metamorphosis being undergone or additional organs acquired. 

Hie dl^eet of the following pBges ii therefore to endeavoar to aacertidB whether 
this opimoa be correct or not i and in order to do this mtifGietorily we shall be 
obliged to test such obser\'ations which may negative its correctness, by the applicar- 
tion of those general principles which, as we have seen, n^olate the traasformations 
or other changes of the Amulosa. 

The mm-eristence of teaiMformlioiiB in the Chulaeea in general has heea antrtxd 
by every emstaoeokgist, with the excqitioii of a recent anthor, John V. Thompson, 
Esq., P.L.8., (the accuracy of whose beautiful figures deserves the highest praise,) and 
by wliom, in the first and sucreeding^ nnmbers of the Zoological Resoaiclies, the dis- 
covery that the greater miniber of the Cru.s/acca do actually undergo nictamori)hose8 
of a very peculiar kind, and of a totally ditferent description from those of insects, 
has been aommneed. "So Gtfle has this been sH^iectad by naturalists,** observes this 
anthor* ''that the contrary has been assigned as one of the dbtlnctive chavaclers 
of the dass, and been used as an argument for thrir separation firom insects.** 

Mr. Thompson's views are founiled upon some e* renin stances exhibited by some of 
the most singular animals hitiierto ascertained to l>eloag to the class, (which consti- 
tute the genus Zui'a ot iiusc,) us recorded by 8l.\bber or Mr. Thompson bimself, as 
well as upon some o^ier circomstances respecting other portions of the dass. These 
consist, 

In the first place, in a supposed change which the Zoes are reputed tonndergo; 
respecting which Mr Tho^ipson (after alluding to the observations of Slabber, which 
he thinks erroneous,) thus cxpres!?es himself: "After keeping a full-gro%vn Zoe for 
more than u month, it died in tbe act of changing \ts skin and of passing into a new 
form, but one by no means similar to that expected [from the previons observations 
of SiABaaa], as iqipears evidently by its disengaged merobefs, which are dianged in 
number as well as in form, and now correspond with those of the Deetgtoia (Cralis, 
&c.)j viz. five pair, the anterior of them furnished with a large clnw or pincer : the 
metamorphosis not having been completed, prevented any knowledge being acquired 
of its general form ; enough, however, has been gained to show that tbe distinctive 
cbarscters of .2oea and of Slabbkr** changed Zoea were entirely lost ; that the mem- 
ben, from being natatmy and deft (as sliaH diortly be shown), become simple and 
adapted to crawling only. On the Ist of May another large Zoea was taken, and 
d}ing towards the end of the month without bavinjr the strength to disengage itself 
from the exuvium, presented precisely the same result-s with the forroer-f-." In the 
account of the figures of this full-grown Zoe, " behind the corsdet the rudiments 
of the limbs of the perfect animal, or Cab^ are described as **h^pmiSog to show 
themsdvesi^s** bat on comparing this figure with iihat of the newly hatdwd *'Zoe, 
* ZodL maMr.. p. 7. t Ibid., pp.8, 9. t Wd-> p. 9t, 
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or larva of the common or edible Crab," (Pi. VIII. fig. 1.) "the disparity in size 
is shown between a Zoe newly hatched and one wliich has attained its full deve- 
lopmail^ and the changes wbidi the various parts nndergo daring the growth of the 
animal" (No. 2. Addendum,) as in the total absence of sahabdominal fins, and in lihe 
natatory division of the two pairs of feet having only four plumose setee in the younger 
animal: ant! in a former passage he obsen'^es, that "the larger f:pecimens may be 
supposed to ditfer from such as occur of smaller size in the greater degree of deve- 
lopment of all its parts ; thoSi the eyes are more distinctly pcdmcwiate, the natatory 
diviii4m of the feet hem an increased nmnber of plamose setae, the mdinMnts of the 
subabdominal fins are qnits obvious, and the mandibles show the ntdimsnt of » 
palp: in other respects they are essentially the same." (p. 10.) 

In the second place, our author states that he had succeeded in liatching the ova 
of the common Crab {Cancer Pagurus), which presented exactly the appearance of 
Zoea timrut, with the addition of lateral spines to the conekt. And in the addenda 
to his second nnmber he hss ag^n stated this drenmatance, adding somewhat more 
precisely, tiiat he had protected a female Crab with spawn apparently ready to hatch 
until the young burst from their envelopes and swam about in myriads under the 
exact form of /(nea repre.sented in the Plate. 

In the tin id place, Mr. Thompson has stated that the common Lobster undergoes 
metamorphosis, but less in degree " timn any of tiie other genera in which he stitfes 
that he had observed this to take place, and ** conristing in a change Urom a cheliferous 
Schizopode to a Decapode, in its first stage being what I call a modified Zoe, with a 
frontal spine, a spattilate tail, and wanting subabdominal tins, in short, such an animal 
as would never be considered what it really is, were it not obtained by batching the 
spawn of the Lobster*." 

The only figui« widch accompanies tins remark is given in tab. xv. fig. 13. of the 
same woifc, of *'tiie cheHferoas member (tf the lam of the IjObster,in which a is the 
claw; h, the outer dividon of the limb, or fitture fagrum ; and c, the rudimentary 
branchia." In this figure, three org-ans are represented as arising from a larg^e basal 
joint : first, the chelate organ, composed of two joints and a large didactyle chela; 
second, a three-jointed organ, of which the teriuiual joint is long, slender, and 
Strongly setose; and third, a small mdimental bnmohia. 

In the fonrth place, **tlds cnrions piece of economy," according to Mr, TaoMVSOir, 

explains what has ever appeared paradoxical to naturalists, viz. ttie annual pere- 
grinations of the land Crabs to the sea-side, which, although acknowledged to be true 
by se%'eral competent observers, could never before be satisfactorily accounted for." 
(p. 9.) And again, in the Addenda to his second number : " Hitherto the rationale of 
this long and dangerous journey did not ai^pear \ natundiits l»ve thought it strange 
that an animal entirely terrestrial should not spawn in its native haunts, and rear Its 
young at home, insteiid of putting them to the trouble of a tedious and unknown 

* ZoologtaJ Joniinl, No.six. p. SS8. 



Digrtized by Google 



09 1IBTAHORPB08B8 IN TBB C1IU8TACBA. 



315 



route back again ia their very tender age. Scarcely a stronger confirmation than 
thia very drcumstance, of the amverwility of metamorphosis, could be adduced : for 
if tiiere were any ezoeptioii, it would be in tbe terrestrial qiecieas but no, tii^ ar^ 
when first hatched, incapable of liviog oat of water with swimmiDg members ; hence 
the parent is impelled by instinct to seek that element for its progeny which Nature 
has designed for the whole of the tribe to which they belong. Having lived amongst 
West Indian islands, where these facts were constantly before him, neither he, nor any 
otiier person, 'could inyent any plaurilile reawn for dna eariooa pieoe of economy:** 

In tlie fiftii and last place are to be noticed Mr. Thompson's general statements. 
In the Addenda tu his second number he states that he 1ms had a confirmation of 
his views in one of the West Indian land Crabs, and in some other of our most widely 
separated native genera, anthoiizing his previous a&isertion that the ^neater number 
of tbe Crustacea do actually undergo transformations, of which, in addition to the 
fiiols adduced in bis first memoir, fiirther instances trill be given in Aitmie memoirs. 
On the wrapper of his fourth nondier he has given a fist of some of these promised 
memoirs, in which we find the Pa^tir^ the Shrimp and Prawn, the genera Porce//ana, 
Gegarcinm, Ilydrodnmrts, and other genera of land Cmbs and Piiniof/teres, all stated 
to undergo various remarkable metamorphoses; and in the nineteenth number of 
the Zoological Journal he states that tbe newly hatched young of the foliowiag Bra- 
efayurons genera, Outeer, Cardmu, FaHimuif Bryphia, Gegarcinus, Thelphusa ?, 
JHiHMfAms, and iiwcilM, have been ascertaua«d to and that the 

following Macrourous genera are Ulcewise subject to metamorpliosi^ via. Pagtenu, 
Porcellana, Galathea, Crangon, Palemon, Homarus, Astacus. ! 

Such are the various circumstances upon which Mr. Thompson has built his theory 
of metamorphosis. I have given them at rather an inconvenient, but not an unne- 
cessary length, and as &r as possible in bis own words, in order that I might be free 
from any ehaige of ndsrepreseatation in the observations which I may thinli it nc» 
cessary to make Upon each of them, with a view to prove that the theory is without 
foundation. 

For this purpose I propose, in the first place, to enter into a review of Mr. Thomp- 
son's observations, whence alone I conceive that no sufficient ground is raised for 
the estaMMunent of the theory in qnestion. In the second place, I propose to col- 
ket tiie recent views of the most celebrated crustaceologists, all of whom have ad- 
vanced opinions to the lilce effect And in the third place, I shall bring forward 
some circumstances observed by myself having a precisely similar tendency. 

In the first place, therefore, 1 have to endeavour to prove from Mr. Thompson s 
own statements and figures, that there is not suffident foandatioii ^ the tiieory of 
metamorphosis, and for this purpose I shall take in review tmaHm tbe several cuv 
cnmstaaces wUch he has mentioned and above alluded to. 

And first with respect to the metamorphosis into Crabs ^ich tbe Zoes are stated 
to undergo, against which six arguments may be adduced. 
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1. it is to be obherved that the account given of the mode in which this meta* 
morphoits is supposed to be effected, is as yagoe and indeftnito as it is poadble to be. 
It is slated that the Zoe died in the act of castin^r its skin, but its metanrarpboeis 

not being completed, prevented any knowledge being acquired of its general form ; 
an<l yet it is added that five pairs of k-gs had become di!>eng^ged, and that the cha- 
racters of Zoea were entirely lost. Plate II. bg. '2., however, proves nothing like this. 
The limbs of the future Crab arc asserted to be beginning to show themselves, and yet 
the Zoe fetains its original ibnn, without fesMsg a sin^ eharacter wliidi it inrevioddy 
possessed, — ^mthoitt our being able to trace the least appearance of the animal having 
commenced the shedding of the skin, — or without our being able to gain the len^t idea 
how " the members, from being natatory and cleft (as ithall shrtrthf be shomt), be- 
come simple wid adapted to crawling only." But Mr. Thompson has omitted to 
fulfill this promise, which, if it mean tmything, must be understood as an assertion 
that the two pairs of natatory and cleft 1^ are transformed into five pairs of simple 
crawling leigs. 

2. The appearance of thtsm limbs (represented as perfectly disengaged in Mr. 
Thompson's Plate If. fig. 11.) pievious to the shedding of thr f-c;ibulothorac!c fshield 
and anterior parts of the body, is totally at variance with the principles of ecdysis 
observable tbraqghout tbe AimiUo$a, in wbieh tiie locomotive organs, at least the 
legs, are the last which are disengaged, and the thoracic shield of the inclosed animal 
the first portion exposed to view. It would, in fact, be impossible for tbe Zoe to 
disengage the thoradc Umbs without the thonuc itself bdng previonsly withdiawn 
from its covering. 

3. But we will look more precisely at the nature of this supposed disengagement 
of tiie five pairs of Uigs. This, in the absence of any precise «tpbuiatiott given by 
Mr. Thompson, may be presumed to lie eSiMited in three dilibwnt ways. 

Firstly,— as indeed Mr. Thompson appears to suppose by his statement that the large 

nataton' limbs "become" simple ones, — this maybe effected by tbe two pairs of large 
natatory limbs entirely thro\ving away their outer covering, whereby tbe five pairs of 
small simple legs, which had been previously inclosed within them, are disengaged. 
This I take to be the true nature of the disengagement of the organs <^ motion in 
tbe jtmiUoMi but if we regard tins to take place in Zbeo, we shall necessarily have 
two conditions totally at variance with the principles of ecdysis, viz. that an exist- 
ing organ in a state of incomplete development incloses only a single organ. — thus, 
the wings of the Grasshopper arc nut inclosed within the legs of its larva ; and that 
an organ disengaged by the shedding of its envelope is always larger than such en- 
velope, lliisyinftct, is tlw very end of tiiematBnior|Aoses of tlwanaulose animals, 
the hardness of tibeir wiVa covering preventiiig their growth, except by the shedding 
of such covering. 

Secondly, We may imatriTie that the five pairs of minute rudimental legs of the 
future Crab are not tnmsformed from the two pairs of natatory limbs, but are totally 
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unconnected with them, being-, as Mr. Thompson himself says, " disengaged from 
beneath the clypeus", (and his Piatt- II. fig-. 2. represents the same idea,) and having 
no previous existence in the young Zoe. Now if ttiis be the case, setting aside its 
diflagnement with tbe reoognAied condidoits of development, we amn at once at 
tUa atartling and important conelturioiij namely, that tho large natatovy organs of 
the Zoe are instnimenta cibaria, foot-jamii in Act, and Hiat the animal in its Zoe 
state has no true If'ir" Without, however, asserting* (which might reasonably be 
done) that every anmilose animal which in its iiiuiiature state is furnished with loco- 
motive organs, in aJsu furnished with instruinenla cihariu, which latter legitimately 
nprcflent die instramenta dbaria of the imago, wliibt tbe fenner as truly represent 
tiie Inte legs of the imago^ we may assert, diat where an immatnre annulose anfanal 
is furntdied with locomotive organs, thcs^ or at least some of them, iqmsent the 
true thoracic Ieg« of the imago, and are not, in such immature state, merely rudi- 
mental trophi of the perfect animal. Now on applying this principle Co the case in 
question, we find the Zoe furnished both with trophi and natatory organs ; and if we 
regard the trophi, although few in nnmber, as representatives of the trophi, and tlie 
two pairs of natatoiy organs as representatives of the locomotive organs of the fatnre 
Crab, we can only regard the five pairs of disengaged limbs cither as representing 
the subabdominal appendages of the Crab, or as simple thoracic appendages (distinct 
from legs), or as supplemental limbs. But each of these suppositions is so contrary 
to nature with reference to the organization of Zoe w the Crab as distinct animals, 
diat in order to show their fbtility it will be snffldent to notice the determinate leg- 
like form of these disengaged limbs, the first pair of which is chelifbrow; the fact 
that tlie Zoea has distinct suhahdominal appendages ; that tlie Crustacea are not, like 
the l///rw//w/r/. furnislied with auxiliary limbs ; and that true thoracic locomotive 
organs (which in Zoe, according to the principles above stated, must still remain 
nndevdoped,) are oonstantiy devdkiped at the same time as, or even lieihre, snpple- 
mental ones. 

Thirdly, We may imagine the disengagement of these " fixture limbs'* to take 
place in a mixed manner, by considering tliat the two pairs of natatory lirnl>s of the 
Zoe produce the first, or chelate, and second pairs of legs, and that the thrrc jtfisfcrior 
pairs are simply disengaged from beneath the clypeus. Against this idea many of 
the precedinf ohservationa may be oonjointly adduced t to which it may be added, 
that the similar rise of these disengaged limhs is snflBcieBt to prove that they must 
have nndergone an equal degree of development. Moreover, in such case the che- 
Inff Tiicrribprs, wliich are larger than the following limbs, must be produced from the 
tirnt pair of natatory limbs of the Zou;, which are mxu-h smaller than the se(!oiid pair. 

I have in these observations left unnoticed tbe small member anterior to the claws, 
observed by Mr. Thompson, and eonsidered by him as the mdiment of the outer foot- 
jaw, which oflfers still greater difficulties as to its nature if we adopt Mr.Tifmmoir's 
view^ but which, as I shall safaseqnendy show, is a necessary oigan <tf the Zoe. 
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4. In the next place it is to be observed, that Mr. Thomfm»i*8 Itgurei and state* 

ments relative to thr gradual development of the Zoes are totally at rariance with one 
of the received priuciples of ecdysis, which may be thus stated. WTicn an animal 
undergoes a variety of mouitings, attended by alteration in form or development of 
organs, there is a gradual tendencf tovarda the oifanintion of the perfeet aainuL 
Nov Mr. Tatmnmi expfeady states that bb Uirge Zoes differed firom the imailer 
ones in the greater d^ree of development of all their otigans. This therefore is pre- 
cisely what would occur in ca«?e the large Zoes were perfect animals and it is pre* 
cisely what would not take place if the subsequent state of the Zoe were a Crab. 

5. It is worthy uf notice that there are several pecuiiuritieis in Zuea so evidently 
partaking of the Maeroorons type, that it ii sorprisiug that Mr. Thommon ■hoaU 
not have noticed tihat these characters present themselves in so oomplete a stste <^ 
development, when compared with the Macrmtray as to negative the opinion that 
these animals would ever become Brachyurous. The elonirated tall, the ro^tratpd 
cephalothomx, but more es|)ecially the structure of the nmudibles and two pairs of 
maxills, may especially be noticed. 

0, If, as we shall snbseqaently peroeiv^ there be no pretence for donbthkjjf the 
correctness of lUniKa's researches upon the Craj^llsh, which is clearly proved to 
undergo no metamorphosis, I think we are fully warranted from analogy in consi- 
dering that the other Decapods do not nndcrg-o metamorphosis. Mr. Thompson, in- 
deed, seems inclined to consider that in such case the Cray-fish " can only be r^;arded 
as one solitary exception to the generality of metamorphosis * although he had pre- 
viously given his opinion of the veigfat of analogy in the ee<»nd number of hfe Re* 
searches, by stating that " metamorphods having been proved in a single instance 
amongst animals so uniform in structure as the Homohramh'm, we mm/ sa/cli/ it^er 
frtan analogy, as far as regai-ds the particular tribe alluded to, that it is general." 

These six considerations induce me to adopt the opinion that no sufficient ground 
has been shown by Mr. Thompson for supposing that a metamorphosis of Zoes Into 
Crshs takes place. 

Secondly, therefore, we will proceed to notice Mr. TlimiPm>N*S Statements relative 
to the hatching of the young Zoes from a female of the common Crab, and which he 
states took place under his own eye. It is much to be regretted that Mr. Thompson, 
having such ample opportunity, did not dissect the ova in various states, so as to 
aneertain in tlie most satisfiM^tory manner the gradoal development of tiw embry o, as 
Ratrm has done In the Cray-flsh. The statement, althongh short, has, however, 
such sufficient precision, that we are compelled to believe either that (notirithstand* 
ing whatever may be advanced to the contrary) the yonng of the common Crab are 
Zoes, or that the latter are parasitic animals, which in some unexplained manner are 
introduced in the embryo state beneath the abdomen of the Crab ; and if we consider 
the laqge Zoes observed by Mr. T^mpson to he perfeet animals, there is some ground 

* Zoalqgied JowMlt No. lix. p.S8S« 
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for the latter opinion in thfir comparatively less perfect organization, a circumstance 
to which a completely analogous case exists amongst the llypei iidw in the order y^w- 
phipoda, &e. Zoe, indeed, is not the only animal respecting which this kind of pai'a- 
«itie obscurity existo » the genus itfeAie amongst the coleopterous insects is perfectly 
analogous, the young of which, according to some authora, are Anri, whilst others 
state them to resemble the perfect insect. I am the more anxious to offer this 
explanation of Mr. Thompson's argument, in as mucli its the facts subsequently 
stated respecting the ova and young of the Brachyura are totally at variance with 
Mr. Thompsom's tssertfons. 

Thirdly, As respects Mr. Thoicf80n*8 statements relative to the young of the com- 
mon JUibster, we have again to r^ret the digfatness of the inrurmation given to us 
upon this branch of the subject. The young is called a modified Zue. a clieliferous 
Sciiizopode, with a frontal spine, a spatulate tail, and wantint; suhabdominal fins, 
undergoing a metamorphosis less in degree than the other meiitiuiicd genera. We 
are left in uncertunty whether there are eight pairs of locomotive organs, as in the 
true SchiJtopods, or whether these organs are all divided into two parts; the only 
evidence of such Schizopod nature being the chelate limb figured ; and yet this is 
precisely where information wa* reqiiired. Examine the other characters given of 
this " modified Zoe" without reference to its undescribed legs, and we are able to 
trace (notwithstanding Mr. Thompson's assertion to the contrary) precisely such 
an anunal as might be expected for an immature Lobster. But if we ejcamhie the 
aatnre of the chefiflerons member figured, we shall find tiie strongest reason for con- 
sidering that this " larva" is not a Schizopode. Fig. a. represents the cheliferous 
member of the perfect Lobster, as well as of its larva ; but this organ is not provided 
in the perfect state with any lateral appendage. And Mr. THO.MrsoN himself does 
not attempt to prove the connexion of the lateral appendage which he figures with 
the cheUferous limb of (he perfect Lobster, ahioe he describes this latotil appoidage 
as the future fle^pvm of the Lobster, that \% the lateral dinson of the exterior pair 
of foot-jau's ; conKcquently, unless Mr. Thomp^n is prepared to prove that the lateral 
appenda/je of one organ in the immature state becomes the lateral appendage of a 
totally distinct organ in the perfect state of the same ammal, it must follow that this 
grademan has erxed in his ^ssections of the iaunature Lobster^, and mistaken the 
lateral appendage of the outer fbot-jaw for a Schinopodous appendage of the Chdi- 
ferous limb. 

Fmirthly, As respects the explanation or " excuse" which this principle of meta- 
morphosis enables us to give for the annua! mifrations of the land Crabs of the 
West Indies to the ocean to deposit their spaM u, the young produced from which 
bang natatory animal^-Zoes» in feet^-Hire incapable of living in the same dement 
aa thehr parents in thdr early stages, I can very well agree with Mr. Tnaimoif that 
If any exception exvted amongst the Crustacea, in which the young shonid not un- 
dergo any change from aquatic to terrestrial habits, accompanied of course by a 
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corresponding modificatioti of structure, it would be amongst the land Crabs; but I 
cannot agree with this gentleman that scarcely a stronger confirmation than this 
very cncnmstMuse coold be adduced of the imiTersality of inetuiorphoflist in as much 
as it appean to me that Mr. Ttnmnon has arrived somenrhat too snddenly at the 
conclusion that the young must conseqaently be Zoes, or even that, ulthou^ inca* 
pable of living out of the water, they are necessarily furnished with natatory mem- 
bers. Examine the sea Cmb, and no material difference in the structure of its loco- 
motive organs is to be observed front that of the laud Crab whence a ditfercnt kind 
4^ motion can be infii^red » hence there can be no actual necewity for the existence 
of natatory iq^dtratiis in the yonng land Crab* iriiich must 1>e just as able to support 
itself in tlic water without any such as an ordinary sea Crab. If, moreover, we ex- 
amine the structure of the branchial apparattis of the land Ci-a!)s, we find still further 
evidence in support of this argument. MM. Audouin and M. li. Edwards, in the 
Atmales des Sciences Naturelles for September 1828, have ^ven an account of this 
oiiganiiation : the exterior of the brancfaSal cavity is foraished with a reservdr for 
obtaining a supply of water ; and in the land Crab there is moreover a second vessel 
destined for the like purpose, whence it is evident that in this respect the lanfl f tabs 
do not materially differ from the sea Crabs. I will not dwell upon this subject tut her 
than to refer to the conclusive facts subsequently stated in proof that the young of 
the land Crabs is neither a Zoe nor fundshed with natatory apparatus. 

Fifthly, I will only observe with reference to Mr. Tromfsok** general assertioaSi 
that no great weight ought to be attached to them until the neoessary details shall 
have been given to the public, more especially if, as I have .^hown to be the case, WS 
find cause in tho^c already published to distrust tlie views of the author. 

Having thus gone through the various statements made by Mr. Thompson in sup- 
port of his theory, and ascertained from them the apparent want of confirmation of 
such theory, I proceed to notice the opinions of cmstaceologists whose writings have 
established for them some degree of weight as authorities ui^n the question. 

These observations will be confined, firstly, to snch as bear directly upon Mr. Thomp- 
son's statements, and secondly^ to .such as relate to facts noticed respecting the trans- 
formations in the early stages of various animals in the class } since it is the more 
neoessaiy in endeavouring to ascerUun the oorrectnen of the views of an author, to 
ffCfject all general assertions made by otiiers to the contrary which have not been 
made in reference to such opinion, or which do not rest upon direct <AservatiMl. 
And it is to be regretted that Mr. Thompson's memoirs hav hren far from generally 
known ; this will account for the slight degree of attention wtnch has been bestowed 
upon the interesting subject upon which they treiit, and for the paucity of notices 
respecting them. 

We find LATaBiuB*, however, stating that the opinion of Mr. Thompson a grand 
bcsoin d'etre <Hay^ par des exp^ienees podtivss, si tontefols die n*est pas errmifa.'* 

* Cam i'EBMialo^ p. S8S. 
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M. Edwamm, the moat eelebiftted of modern living crostaoeologiits, obsems, tlutt 

as the Malacostraca Podophthalma are divisible from the presence or absence of 
brnnchuo to the thorax, inclosed in a peculiar cavity, **on n'aura plus d'incertitude 
tjur l;i j)la( C' que doit occuper up irfTire trt;s curieiix, Zncu en effet, un examen at- 
tentif <ic ces petits animaux in'a convain^u que non seuleineut ieurs yenx sent port^s 
sur des peduncles, mais aussi do chaque cdte de kui- tliorax il existe sous le curupace 
une cavit6 respiratoire renfermant dee branchies semblables par leur Btmcture et 
leor position k oeUes d^autres Macroares. II eat done evident pour moi que le Zoo 
est r^ellement un Crustaoe de Fordre des Ddcapodea. Mr. Thompson assure que oec 
animal n'cst autre chose que le jeune de Crabe commun. Cette opinion me ne paratC 
pas soiitenahle, mais neanmoins il serait possible que les Zoes observes jusqu'ici ne 
suient pas dcs animaux adultes, et alors il se pourrait bien (fue pur les progrfes de 
rdge ils dcviennent asscz sembiables aux Megalops ; question que uoui> nous pro- 
posons de traiter plus au long dana une antra occaaion*.*' 

The talented eifitor of the ZoologicalJoumal baa alao« in his review of Mr. Thohp- 
aoit'a woik, eKpreaaed bia d<mbt8 aa to the umveraality of the fiust of metamorpbo^ 
taking place in the Crustacea ; and in the eighteenth number of that work he has 
stat'-'i tlie confirmation which his doubts had received by the publication of Dr. 
Hatuke s work, adding, that if there existed no optical dRlii«ion or other cause of 
error in the isolated observations which Mr. Thompson has given us, the ditference 
of organization between a Macrourous and a Brachyurous Decapod i;^ much greater 
than either analogy or anat<Mny would have led him to soapect. 

And laatly, Mr. KiasY baa eommunieated to me hia conviction tbat the reaearcbea 
of Mr. Thompson are to be regarded with distrust, the grounda for which opinion 
will appear in his forthcoming Bridgewater Treatise. 

I now proceed to notice, as concisrly as possible, the direct observationa made by 
various authors upon different Crustaceous animals in the young state. 

And in the foremost place are to be mentioned the elaborate researches of Rathke 
upon the development of the ova of the common Cray-fish, a wink which for minute 
and delicate investigation is rivalled only 1^ LvoNiin's celebrated memoir upon the 
krva of Cwm*. Some idea may be entertained of the eitent of these inqniriea, 
from the foct tbat five large folio plates are completely filled with details of the 
structure, internal and external, of the ova in various states of development, ami of 
the newly hatched animal. And so beautifully clear are the representations of these 
objects, and so cumpletcly is the development of the embryo to be traced through 
all its stages, that unless we believe the whole to be the work of a fanciful imagina- 
tion, it ia impoaaible to arrive at any other condnaion than that the Cray-fiah doeanot 
undergo any change which can in the leaat d^^ merit the name of metamorphosia. 
A full abstract of this valuable memoir is inserted in tli i i;;litL« iitli number of the 
Zoological Journal, and in the Annales des Sciences Naturelles for Auguat 1831| 

* Ana. 8c. Nat. Apiil ISM. 
2 t2 
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the latter of which Is accompanied by fonr plates. I will therefore content myself 
with referring the student to these accessible sources, without attempting to give 
e?en an outline of tbe elaborate investigations in quetstion. 

Latbuub, qM»king of the ywmg of the Cray-4iah, says : ** Les jennes terevina, 
trii moUet an moment de lenr naioBnce, et toute-A-feit semUables k leurs mkres, ae 
r^fugient sous leur queue, et y restent pendant plosieun joon et jiisqu'4 oe que left 
parties ile leurs corps soient raliermies 

Mr. Thompson himself, in tlie genus Mi/sis, has clearly shown that these animals, 
which be has proved to be nuMtintimately allied to theDeciqiMd iHacrottrs, undergo a 
series of changes, which he states **camiot be coiMidered as melamorphoaes, but 
simply a gradual development of parts -f-." 

Tlje ahove appear to he all the direct observations hitherto made upon the Podoph- 
thalma (with the exception of those ?;ub'?equently detailed frotn niy own researches); 
but amongst the sessile -eyed Malacuslraca we liave mure nuiiieruus observations. 

Of theeOi as in the former, the researches of IUthkb agaht stand foremost } since, 
in a series of memdrs, very recently published, upon the development ni tte ova and 

embryos of various animals, we find the common Asellus aquatictts to have been in- 
vestigated by him, whh the result that no material alteration takes place in the form 

of the animal J. 

In the Annales des Sciences NutureUes for December 1833, is published a valuable 
r^ort, by M. Isinoaa GiOFVunr St. HiLAnn, upon a memoir of M. H* MixiMB 
Edwards, entitled "Observations sur les changemens de forme que les Cms> 

tac6s ^prouvent dans le jeune 4ge." Passing over the more generalized views de- 
duced by M. St. Hilaire from the faefs Tioticed by M. Euwaros, I shall merely state 
the latter. Tbe genus Cymothoa, and some other Isopodous genera, afforded to 
M. Edwards an easy opportunity of examining the development of the eggs and the 
stmctore of the yonngr* ^ consequence of their being inclosed within the large sub- 
thoracic pouch. Hence he was enabled to ascertain that some organs which are fully 
developed in the adult animal, are cither rudimcntal or absolutely wantiufr in the early 
state : thus, in the latter tbe animal has only six thoracic segments, and six pairs ol 
legs, although when adult it has* seven Sf^ments and seven pairs of legs. On the con- 
trary, oth«r organs, which are fully devdoped in tbe young, beoome mdhnenlnl in 
the adult state t thu% in the former we find a large head, famished with two lar^ge 
oval black eyes, and the abdominal segments nearly as large as the thomde onest 
whilst in tlic ndnlt «tate the head is extremely small, the eyes are not externally 
>'isible, and the abdominal seg^ments are very short and linear. M. EnwARns has also 
made similar observations upon many other genera, especially upon Anilocra, in 
whidi a pdr of legs is also developed after birth (the same likeinse takes place ift 

* Rfegiic Aaiaud, Iob. ir. p. 90. .Sod eiBt. t Zoological RcMuidMi pi W. 

\ AbhudlniiBea »ur BSUuiigtHttBatwielnliuic-fNdikfatedea McaM]iflBitBd4«vTlutse.4t». Spiitk 1882;, 
1888. 
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Onhcu.t, as De Geer lone: ago remarked) ; upon Cyamuji, a genus of Lcemodipodoj 
which in the young state is of a slender and cylindric form, but which afterwards be- 
cuineg tiiucU enlarged and depressed ; also upon Phrmyma, a genus of Amphipoda, 
remarkable for its laige head, conical tbono, aad tingalar constmetion of tbe flfth 
pair of thoraine legs, but which in the young state exhibits a head of ordinaiy rise, a 
thorax larger in the centre than at the cxtcemities, and the fifth pair of Iqp not un- 
Ulte the othei-s, and not didactyle. 

From the moditication in form which the existent organs undergo in the passage to 
the adult state, M. Eowahm deduces this euriottt theory,— that the changes of form 
whidi the iMalnomlrttca undeigo cooatantly tend to remove tlie animal to a greater 
distance from the type which is common to the greatest numljer uf individuals in the 
group, so as to individualize it moi c and more complt^tcly. Thus the form of the im- 
mat'ir'' Cmnnthim or PhrauiftiK , Ini instance, is refri-rible to the general typical form 
of the hopoda or Amphipoda ; hut, by the gimluai change of foriu, these animals are 
exhilnfted in fiirnis the Atrtbest removed from the types of thdr respective orden. 

It is evident, however, from these remarics, tliat the £dhc!pA#Aalma nndergo no 
change worthy of tlie name of metamorphosis ; and this is most fully supported by the 
observations of Latrkillb upon the Isopoda in genpnl, viz. that the progeny " nais- 
sent avcc la forme et les parties propres 4'leur cspece, et nc font que changes de peau 
en grandibsant*"; of Mr. Montague upon Caprella Phaxma, who states that he ob- 
lenned ten young ones crawl from the abdomjnal pouch of the female, *' all perfectly 
formed" ^ i of IMr. CouMnuAM in an admirable paper upon limimia ter^nm», in* 
sorted in the Edinburgh New Philosophical Journal of Professor Jameson for April 
1834 : and, lastly, of Professor ZaNcaaa in his memoir De Gammari Poticis Histo- 
riaNaturali," 4to, 1832. 

Hitherto I have confined these observatious to tlie MalacostracUf because it is in 
that (iB^ioii of the class that the non-existenoe of metamorphoses has lieen denied. 
The EntamoOnua are admitted on idl liands to undergo veiy material raodiUcations 
of forin, as maybe seen from the researches of Joiiink,Stiuuss, Prbvost, &c.; whilst 
Mr. Thompson's recent memoir upon Artemia. (not . fr tenm.) is an additional evidence 
of the same fact, although the nature of the various altcrutions is very far from being 
detailed in that satisfactory manner which the author seems so capable of doing. 

I have therefore now to detail, as the third portion of this essay, such drcom- 
stances as have fallen under my own observation relative to this iaterastillg inquiry, 
the tendency of which is precisely similar to that exliibited by the two preceding por- 
tions of my treatise. 

We have seen that Mr. Thompson's chief argument is founded upon the suppo&ed 
transformations of the Zde into a Crab. His Zoe, figured as the jusuhatcfaed larva 
of the common Crab, h not so hcge as a large piB*s head> StAeaaa's "changed Zoe** 
is r^irescnted as three lines long j and Mr.THOHveoN*s Zoe, which died on the sup- 

*]UpisAiiiinl,tmi.lv.p. lai. f LimMu TkutMtkai, fS. p. 66. 
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po^d point of transformation into a Crab, is nearly four lines long between the tips 
of the spines. Now if Mr. Thompson's views be correct, and these latter Zoes are to 
be r^iwded as the lanrte of Grabs, they muit be oomidered as having uequired the 
niaxSmum of thdr Zoo fimn; but ao fiir is this from bring the case, that I have ob' 
tained from the eollcction of the late Rev. Lansdown Gujlding, specimens of a spe- 
cies of Znca fen lines long between the points of the spines ; a size far too large to 
allow us to suppose that they would subsequently put otF their Zoe form, and appear 
a« Crabs ; bearing at the same time in mind the minute size of the latter animals in 
the very yooog state, although possessing their ordinary fbnn. 

Of this Weet Indian spades I have given^ in the aocompanying sketch, figures in 
detail of the various organs, which I shall not describe at length. The palpigerous 
mandibles, the two pairs of antennas, one pair of which is bipartite, the imiltilobed 
inner maxillte, art- all eharactcrs found in the Macronrn and Schizopoda, but not in 
the Brackyura. The natatory apparatus of the tail, observed in my speciea and un- 
noticed by Mr. Thomfson, is also similarly characteristic, bat the Booomotive oi^gans 
are those to whidi the highest Importance attaches irith respect to the real natare of 
the animal. At first sight, in addition to and immediately sueceediog tiie two pidrs 
of tnaxilL-F, ihfvc -^y^wwr only two pairf5 of larjre locomotivo bii>artite or^ns. These 
therefore, on the supposition that the Zoe is the young of a Decapod animal, must 
either be legs, or outer foot-jaws greatly developed ; and from their bipartite struc> 
tnr^ the latter may be partly assnmed ; bnt upon caraftally dissecting the animal, a 
series of oigans were found, which not only folly proved this to be the otse, but also 
led at once to the discovery of the real nature of these animals, and gave a clue for 
the correction of Mr. Thompson'^ ideas upon the supposed disengagement of the tho- 
racic limbs. Immediately succeeding the outer pair of the natatory organs, and, in 
fi&ct, lying between them when at rest, was discovered a pair of slender minute 
organs, composed apparently of two joints, one long and one short, and fomished at 
the base with a still more minute lateral appendage. Beyond these, in succession, 
were found the five pairs of organs precisely .similar to Mr. Tfiompson's " limbs of 
the future Crab disengaged from beneath the clypcus." Moreover, a number (unde- 
termined) of minute fleshy elongated masses were found near and attached to the 
base of these limbs. Are we tha^fore, with Mr. Tbomfson, to snppose that in thb 
Zoe (and all the specimens were alike) metamorphosis had commenced, whilst not 
the slightest trace of such a process could be observed beyond this acqniisition of 
rudimental limbs, which f-m otherwise be mue!i mon' sntlvfaetorily accounted for r 
The researches of recent uutiiors, and those particulaiiy of M. 11. Milnk Edwahds, 
have clearly proved that in some species of Decapods i^AccUs, Sirgestcs,) one or more 
pairs of 1^ become mdimental, and that their place is supplied by highly developed 
foot-jaws. 

Now upon applying this theory, to the correctness of which Mr. Thompson bears 
witness, to JSoso, we find that the two huge pairs of natatory organs represent the 
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first and second pairs of foot-jaws of the typical Decapods immensely developed ; the 
minute pair of organs following these to be the third pair of foot-jaws ; the five pairs 
of of tbe fiitare CttJbT to lie the reel thoracic legs of the Zoe, end that the 
miimte fleshy masflee am evidently braachiaB. Thus ve perceive that tbe poiaession 
of these limbs, instead of benig an evideni» of the imperfect state of the Zee, is a 
proof of its anomalous perfection ; and thus we arrive at the iin<'vpocted conrltision 
that Zoea is a genus of Decapod Cmstacen, for the reception of which amongst tbe 
Macroura a distinct section must be esitablii^hed. 

With retoenoe to Mr. I^oMnoii'a BtatementB respecting the batching of the Zoet 
from the egge of the oommbD CSrab, and tiie aignmenta adduced from the haUts of 
the West Indian land Crabs, I am able to offer the Iblloiring as, I trust, veiy conclu- 
mve observations to the contrary. 

In the culleution above alluded to were contained, in spirits, the nbdoiuens of seve- 
ral female Crabs, having the Interior surface covered with hundreds of eggs or newly 
batched young. One «^ the bottles in which one of these was d^[KMited was labelled 
Iqr Mr Guiuinto, "Eggs and yonng of a bind Crab not undergoing a nietamorpho- 
sis." From this specimen I obtained eggs, and yonng Crabs evidendy jost hatched, 
and others at a rather later sfat'e of their growth. 

Tbe eggs are of a dark reddish colour, showing through tttc outer integument the 
rudiraental limbs of a foture animal of a paler colour. On removing tlie tliin trans- 
parent pelllde which svrronnded one of these cggs> ^ <rf the fhtnre animal were 
most conspicuous, the tail was seen extended as a narrow plate, nearly reaching to 
the eyes, and along its sides lay the large anterior clieliferous and tlic four following 
simple pairs of limbs. The existing organs, although perfectly disceniibU^, occupied 
only a small portion of one side of tbe egg, its greater part being filled with hardened 
matter composed of minute molccalar giainB. Tbe animal was in a snfficiently for- 
waid state of devdopment not to allow the least doubt to be entertidned as to the 
nature of these fimbs, nor did any organs appear answering to the two large split 
pairs of natatory organs of Zom. The branclii£e, in a fleshy and imorganized state, 
were also found at the base ot tlie legs. The eggs are 1^ line in diameter. 

In tbe accompanying sketches I have represented one of the Crabs evidently just 
hatched, being about If line long, and having tbe upper part (tf the cc^ialothorax 
considerably swollen. From my figui«s, the very rndiniental state of tbe two pairs of 
antcnnife, and cf the feelers or flagrums of the outer foot-jaws, will be perceived ; but 
the general form of the animal i.s thiis early exhibited, and the developed state of its 
branchia* and tlie want of siibabtiominal appendages are especially noticeable. In 
tbe following sketch tbe aniuiul is seen in a somewhat more udvuuced stage of its 
growth, being rather more than 2 lines kng, and in whksh tlie upper snrfiice of tbe 
cqifaalothonuc has acqidred its ordbiaiy shape, and the antennes have attained a 
greater degree of perfection. 
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These circumstances; are, I trust, amply sufficient to prove that the land Crab 
does not undergo any metamorphosis. 

U w to be obflcmd that Mr. Guiiaino has not steted the pracise ipedei of land 
Crab of which the abore^mentioned incHviduala were the offiqprliig; but bis well* 

known acquirements in crustaceology put the question of its t»eing at all events a 
species of land Crab to rest. Should this, however, be nevertheless called in ques- 
tion, the argument which X would deduce from it will be but little diminished even 
were it a sea Crab. 

We liave seen that Bifr. Thohfson's supposed fuU-grown Zoe^ whidi ^ed on the 
point of undergoing its supposed metamorphosis, was 3 lines long 1>etween the points 

of the spines, and tlie length of wluch, from the head to the tail, must have been at least 
U lino Rut the young of the common Crab is found of a much smaller size than 
this, exliii>iting at the same time all the form of the full-grown Crab. 1 have myself 
captured the young of Cancer Mttnas not more thau ^ a line long, yet perfectly 
formed, and capable of runnli^ about with much quickness. 

AUhoQgh disagiedng with Mr. Thompson in respect to his theory, I have already 
stated that bis figures are very fidthfid delineations of nature. I have therefore the 
more pleasure in stating that his representations of the young of Mifsts are (as I have 
ascertained by extracting them from the subthorucic pouch of the fcinule) correct. 

Hence, by taking the preceding observations into consideration, we find tiiat one 
or more ^pes of each of the great groups of the ^ical Malacostracous ChMtoom 
have been ascertained to undergo no change of form suAdently marked to warrant 
the empk^ment of the term metamorphosis. Thus, 

'The Brad^wa are rq»resented by the Land Crab. 

The Macrottra ■ Cray-fidi. 

Tlif SrJ/izapoda Mysis. 

The Amphipodft > Gammunis and P/n oni/ma, 

The Loemodipodu ■ Capreila and Cyamus. 

The hopoda — — ~— ^mUw, C^finof Aoo, and lAmnoria. 

Note. — Since the preceding pages were written, Mr. Thompson has published a 
memoir upon the genus Fhtnotkeres, belonging to the Brachyuroy in which the ova 
are stated to have been seen to hatdi in great numbers under the form of a new kind 
of Zoe, without the circumstances attending their development being recorded. And, 

on the other hand, some of the late Mr. Guildino's MSS. have been published in the 
Magazine of Natnra] History, in which it is distinctly stated that the land Crabs do 
not undergo transformations. 
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Explanation of the Plats. 

PLatrIV. a. 

Fig. i. Zoea Gigas, Wbstw. natural size. 
Fig. 2. Ditto, magnified. 
Fig. 8. The outer antenna. 
Fig, 4. The inner antenna. 
Fig. 5. The labnim. 

Fig^. 6. One of the mandibles, a representative of the the palpus. 

Fig. 7- One of the interior niaxillse. 

Fig. 8. One of the second pair of maxillae. 

Fig. 9. One ci the first pair of foot-jaws, developed into a natatory or^an. 
Fig, 10. One of the seeond pair of foot-jawsj developed into a natatory oi-gan. 
Fig. 1 1. One of the third pair of foot-jaws, minute and mdimental. 
Fig. 19. View of the nndernde of the body, as extracted from the c^Aalothoracic 

shield. 

a. The first pair of footjawa. 

6. The seeond pair. 

c. The third pair. 

d. The anterior pair of dieiate memliers. 

e. The rodiraental hrancfaiK. 

The four posterior pairs of nmple monbers. 
F^. 13. One of the subabdominal appendages. 
Fig. U. The tail, developed. 

Plate IV. B. 

" Eggs and young of a land Crab not undergoing a metamorphosis.''— Guildino, MSS. 

a. The egg. 
Fig. 1. Natural size. 
Fig. 2. Magnified, seen in front. 

Fig. 3. The same, seen in front, having the outer pellicle stripped off : the legs 
on one side extended laterally, the branchiae visible on the other side. 

Fig. 4. Hie same, seen in front, baring the outer peUlde stripped ofi; seen «de- 
ways. 

Fig. 5. The same, seen in front, having the outer pellide stripped off, seen side- 
ways, with the limbs and tail extended. 

Fig. 6. The tail. 

Fig. 7. The legs, with the branchiae at the bas^ not organized. 
MDCCcxxxv. a u 
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b. The young in its earliest state. 
Fig. 8. NatiUBl oat. 

Fig. 9. Magnified. 

Fig. 10. Ditto, seen from bom ath. 

Fig. 11. Anterior portion of the body, from beneath, showing the outer foot-jaw«, 

two pair?; of anf rnnfr, and eyes at the extreniity of the peduncles 
Fig. 12 & l.i. One ot the rudiiiicatal inteiml antenna; attached to a iarg« tieshjr 

Fig. 14. One of the radimental extemal Batennse. 

Fig. 15. One of the outer foot-jaws. 

Fig. 16. One of the intermediate foo^jaWS. 

Fig^. I"- Tile branehia-. 

Fif;. 18. Tlie aitdornen, unfurnished witli internal appendages. 

c. The young at a l athcr luure advanced period. 
Fig. 19. Natnialcwe. 

Fig. 20. Magnified. 

Fig. 21 . The anterior part of the body Men from beneath. 

Fig. 2-2. One of the internal antennae separated from it« laiige basal lobe. 

Fig. 23. One of the external aatenaffi. 
Fig. 24. Tiie abdomen. 
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XVIII. On the Ice formed^ under peculiar drctmutances, at the bottom of ruttnmg 
(footer . By the Rat. Jambb FAitauHAXaoN, </ Alford, F,R,S, 

RwM Mveh Raid April 9, \m. 

Ice formed at the bottom of rivers and streams^ frequently in great qnantitieB, ic 
a phenomenon quite coiiution in this climate. I niado for several years pa«t n 
numher of incidental and deMiltory observations upon it, and becume t ni< ed 
that the principal explanation of its occurrence is the radiation of heut iroiu the 
aoUd opoke materials of the bottma ; bat ai I eoaoeived thii to ba also the gene- 
rally admitted <nie, I took no note of the obeervations, with the ▼lew of vindi- 
oaUuf the theory of the ra«Uation. It appears, however, from a paper of M. Aiaoo 
upon the subject, translated and published in the Edinburgh New Philosophical 
Journal, vol. xv. p. 123, from the Annuairc for the year 1833, that he entirely rejects 
the theory of the radiation of heat thiuugh a thick layer of water. In the same 
paper, although he does not, in conclusion, pretend to g^ive a complete explanation 
of the phenomenon, he brings forward, as explanations in part, three eircunistances, 
which, although accurately stated by him, appear to be not endusively appropriate 
to ice formed at the bottom, and cannot therefore aid us in solving the main qocatira 
wfaidi we have to discuss bere^ which I apprehend to be» XTiby m ice formed wmeiimes 
on file iwrface of running water, and sometimes at the bottom 9 

On reading M. Ar.\oo'8 paper, I became desirous of offering some remarks in an- 
swer to it, as without fjome one doing this, on proper data, a misapprehension con- 
cerning the cause of a natural phenomenon, so much at vunance with our most fre- 
quent experience of the formation of ice only on the sor&ce of all waters, as to have 
often' greatly excited Ae attention and even called forth the astonishment of scientific 
men, would continue to be propagated under the authority of a distinguished name. 
Having, however, no record of my former observations to enable me to refer accu- 
rately to the time, place, and other circumstancpH of them, I delayed till a renewed 
occurrence of ice on the bottoms of our stream^ should enable me to rrpeat them. 

Such an nrcurrence, on u great scale, took place in the beginning of this month 
of Janiuu y (1835) ; and I now have the honour of presenting to the uutice of the 
Royal Society a brief account of the obserrations I have been enabled to mak^ and 
of the condn^ons to which thejr appear to direct us. 

Previously to entering on this detml and discussion, it seems proper to dcMsribe the 
appearance and quality of the ice formed at the twttoms of streams. A misappre- 
hension regarding these may have been one cause of the incredulity of its enstenoe, 

2 u 2 
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entertained by some persons wbo bave sever mtneMed it, and which M. Araoo, in 
the paper referred to^ has dkemed it seoessaiy to remote, by brin^g fonmrd the 
testimony of many distinguished mm to iti reality. The ioe formed at the bottom 

does not resemble the solid ghiss-like plates which are formed on the surface. It 
has nearly the aspect of the aggregated masses of snow as tbey are rn floating in 
rivers daring a heavy snow shower ; but, on taking it out of the water, it is found 
to be of a much firmer connBtence than these, althooj^ never approaching to the 
firmness and solidity 4^ sorfiMe ice. It is a cayernons mass of various-sised, bat all 
small, pieces or ciystals of ice, adhering together in an apparently irrq;ular manner 
by their sides, or angles, or points, promiscuon?;ly. Roth the firmness of tlie adhe- 
sion and the flimonsions of the interstices ('the latter filled with water, and their 
volume easily cstmiuted by the quantity of it ^vhich is discharged when the ice is 
lilted out of the stream,) are, however, greatly modified by the intensity and conti&a- 
ance of the previous cold. When the ioe bc^ns first to fimn on tlie bottoms of the 
streams, it presents a rudi ly s\ n Metrical appearance, which, for illustration, may be 
comparctl to little hearts of eaidiflowers, fixed on the bottom, having a similar uni- 
form circular outline and protuberance in the centre, with coral-like projections. 
These pieces bave a shining silvery aspect ; they are dispersed, at first irregularly, in 
small nnmiieiB, but inerease both in sise and numbers, till the whole bottom is 
covered, and, if the frost oontinnes severe, grow in hdgbt, but in a very incgnlar 
manner, so as to obliterate the earlier somewhat symmetrical shapes, till the streams 
are raised high above their farmer levels, and frequently made to overflow their 
banks. And here I take the opportunity to notice the incorrectness of an observa- 
tion of Desmarest, quoted by M. Ahauo, and which, M. Ahauo ubt>erve8, no one has 
corroborated, ** that it was Irmn the lower port^ which touched the bottom, ibat die. 
flakes of ice sucoessivdy incfeesed.** On the contnuy, the forms of the surfhce of tlie 
earlier masses are continually obecur^, in succession, by new ice added to the top. 

This congealed mass being thus very different in appearance and consistence from 
the sheets or plates generally known by the name of ice, it were no doubt well that, 
like the Germans, who, M. Arago informs us, name it grundeis^ we too designated it 
by another name, to prevent confusion or misapprehension wh«i we refer to it The 
inhabitants of this part of the country will fiimish us with a better one tiian even 
that of the Germans. In a district where it occurs almost every winter, and often 
repeatedly during that season, and where many of the rivers are crossed by means of 
fords, its cxisteaee influences too much their economical arrangements not to excite 
their particular attention, especially as many horses refuse to enter any stream even 
slightly impeded by it, being greatly alarmed by the pieces which break and float up 
from the bottom by the action of tlrnr feet. A body with which all are so well 
acquainted is known by an appropriate name. They call it ground-grui gruhting 
the term by which they designate snow saturated with, or swimming in water. I 
shall venture to use their term for the ice formed at the bottom. 
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'It will be better here also to state, geneitUly, the conditions of teniperatore and 
phases of th« weather under which the ground-gru is formed. I have seen it occur 
only when the temperatnre of the wlide mass of water was reduced to, or nearly to, 
SSI* FAHR.,and ifben tlie temperatuie of the fur was several degrees below that point. 
I have observed it an invariable cuiulition, that it was preceded by a continuance, 
for some time, of a clear, or very nearly clear, stnt»> of the sky. This is at variance 
with another observation of Desmarest, quoted by xM. Akago, that "when, in conse- 
quence of a cloudy sky, the atmospherical temperature exp^ences little variation 
throi^;liout the day and niglit, the ice at the bottom of the water mufonnly hicreases 
every twenty-four hours ; on the contrary, when the sun shows itself, the ice does 
not increase during the day." It is the fact, that while it is formin*:;^ under the con- 
tinuance of a cloudless sky, its increase is impeded during the day. It may be pos- 
sible, auiidst the infinite variety of uieasuresi uf cold that may exist at the time, that 
the increase of the gm may go on for a little time after the sun has been obscured 
by a thin cloud ; but I have always seen, that when a densely clouded stale of the 
sky sapmrened, and continued for the space of even only twenty-four hours, the grn 
became detached from the bottom, and floated dovra the stream. Should the tem- 
perature of the air continue low, with the clouded sky, or get lower, the ground-gni 
is not renewed, but the river is speedily frozen over at the sarfoce. It is, in fact, a 
matter of frequent occurrence, in tnMf winters, that our rivers, filled, and so im- 
peded, by groand-gro, as to be raised above their banks, are found returned into 
their natural channels, and there frozen over at the surface, but flowing over a clear 
bottom, in a space of time so short as to appear very wonderful to those who have 
not investigated the cause. The process is named, by the country people, the Jiittin^ 
of the lee. In opposition to the observation of Dbshmist, and in confirmation of 
thote which I have made, on this point, I may refer to the Rev. Mr. EisDAi<a, who, 
not satisfied with the explanations of M. Araoo, has published one of his own, in tiie 
Edinburgh New Philosophical Journal, vol. xvii. p. 16/. His explanation appears 
equally unsatisfactory, as will be shown afterwards ; but the part of his statement we 
have to do with here is bis notice of this observation of Desmabest. The formation 
of the ground-gru, under a doudy sky, is so much at variance with the information 
whidi Mr.EfsDAis had reodved, that he resolves DasiiAaKsi^s "doudy sky** into 

an atmosphere loaded with Iioar frost, and rendered hazy by its condensation*." 
Tlie state of the air, in respect of bein:^ -n-indv nr fnlni, deserves also to be noticed. 
The ground-pru occurs most frequently during calm, m ith a de|)osition of hoar frost 
upon the ground ut the time ; and this was the condition of matters during the ob- 
servations now to be detailed. Bot it alio occon during a frosty wind, when there 
is no hoar frost, which is formed only in a calm state of the atmosphere. The forma- 
tion of the gru during wind, and consequently without any deposition of hoar frost 
on the ground, is eqieciaUy to be noticed in reference to Mr. Eisoau's explanation, 

• p. 178. 
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as Will be uttci-wards seen. It occurred to M. Huci, as quoted by M. Araoo, in the 
Aar, on the 16th Febniaiy 1827, with a west wind, after the river bad beea con* 
pletely open on the 16th t and one of Mr. EisoaubV correspondents ascribed its <n> 
cnrrenee in one particular instance, which he related to him, to the prevulenoe of a 
very sharp north-east wind, which had blown during the night of its formation. 

The following observations were made in t)ie rivers Don and Leoclial The former, 
having an easterly course, is about 120 led broad, and a foot or two deep at the 
afaallows and fefds. The fattter, one of the wamSk tribntacies of the fonner, havfai§ a 
northerly course, is about 30 feet broad, and a foot deep at the shattows. Both rivifS 
possess a like character of very clear water, and alternating mpids and pools. The 
rapids in the Don are reaches, whei c the tratpr falls two or three, or more, feet, from 
a higlirr to a lower level, within a distance of fifty or a hundred, or sometiuieg two or 
three humh ed. yards. They are generally impeded with many large stones, some of 
tiiem projecting abovo the water. The depth varies greatly, bat seUoni exceeds two 
or three feet. The pools between the rapids are on an average mneh longer reaohes. 
Id which there is little fail, and a greatly diminished velocity of the stream, which 
often, in them, ll<>^\'s «o prpmbly as to give rise to no ripple on tlie snrfacp. ITiey too 
have in them large stones, hnt fewer in number. The depth in them too varies 
greatly, from two or three to four or five feet. The rapids and pools in the Leochal 
are of a similar kind, bat both much less deep in this smaller stream. The bed of 
this river has however, on the wh<de, a steeper descent, and owing to this there is 
more broken water and spray in the rapids. The character of alternating rapids and 
pools, in both streams, is owing to the varyi?i<r hardness of the granitic and inicacpon««- 
schistose rocks in whicti their beds are formeil. Where the rocks are hard, there is 
a rapid ; where more friable, a pool. lu tlie parts of tlic rivers observed, the original 
rocks theoMelves do not anywhere Ibrm the imniediate bed of the stream. That, to 
the depth of two or three, or mor^ fee^ is oompoeed of the debris of these rocks, 
broken op and sometimes much waterwom, and reduced to the size of a very large 
gravel, by the ■.u-rUm of tiie stream, but not SO small as to deserve to be named sand. 
No part ot the bottom in muddy. 

On the night between the 31st of December 1834 and the 1st of January 1835, 
after the mean temperature of the air had oontinned for three days at 47" FAna., and 
whta there had been little frost in the season before, there commenced a hard frost, 
with a calm and perfectly cloudless sky, which continued with little abatement till 
the 5th of January, at 10 a.m. On tfie night between the .Srd and 4th, the tempe- 
rature uf the air was 23° Fahr. ; and on the 4th, the bottoms of the itipids in the 
Leochal were seen coated in some places with silvery canliflower-shaped clusters of 
gronnd-gni. I n^lected at this time to examine the teroperatare of the water. 

Between the 4th and 5th, the temperature of the air was down to 19° Fahr. ; and 
on the 5th I examined the Don and the Leoelial along half a mile of each, beginning 
the examination at half-past 8 o'clock The examination began at the bridge uf 
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Alford, built of grauite over the Dun, in the middle of one of the rapids. At thia 
lapid, the whole boCtom, with the exoq^ioas to be immediately stMed, waa eoveied 
with ailvery frn, ^ipeariiig firam two or time to five or rix inehea deep. My atten- 
tion waa particalarly directed to the cxceptiona, as throwing a clear light on the 

qncstion of the radintion of heat from the bottom. Round each of the piers, and in 
front of the abutmeiit.s i»i ihf bridge, there was a space quite clear of all frozen mat- 
ter, excepting at u bide of oue pier under an arch, where a piece of very still water, 
canaed by an obatraetion at the bottom, ww covered by dear aheel ice. On the 
aonth aide of the river, two embanking walla, 4Mieiip and the other dawn the atream, 
each twelve yards long, are built in a line with the water-courses of the abutment. 
Close to the I)n(!ij;e those walls are ciijlit feet hic:h from the bottom of the stream, 
but as they recede from the bridge the muhoury slopes gradually tu a lower level, till 
the extremities are little above the level of the water. The bottom in frout of these 
walla waa clear of gronnd-gm, aa well aa that in fWmt of the abnlmenta ; irat die 
breadth of the clear apace in front of the waUi narrowed gradually towards their 
tremities, in proportion as the masonry became lower, till at the extremity of the 
downward wall especially, which ends at a sloping^ f^ravelly bank, t)ir <r^u came to 
the edge of the water. The space of the bottom clear of gru was about hve or six 
feet broad at the high parte oC the walll next the bridge ; and the water runs on the 
place at tiie roediam depth and vidocity of the rapid. There waa another clear apace 
in the bottom of this rapid. About twenty-five yards above the bridge there la, in the 
middle of the stream, a piece of still water, caused by an elevated bed of ^^ravel, just 
below it, over which the stream is vcty shallow. The still water, for an extent of two 
or three square pol^ was covered with sheet ice, and that again covered by a very 
thin, bnt white, opake dqtoaitien of boar frost. From nnder tbia ioe the water, flow- 
ing rapidly over the gravel bed below, had no groand^jpu for a apnea of eight or ten 
yards downwards. 

Above this nipid, a pool of moderate stillness, about three or four feet deep, ex- 
tends a huiulreil and fifty yards in length. Over the boffom of this there were 
scattered, in an irregular manner, many caulifluwcr-shaped ( lusters of silvery gru, 
most of them very small, and none that were observed covering more of the bottom 
tiian a square foot or two at one place. In ^ deepest and stillest part of the pool 
there were several tufts of water starwort, with sooiy-coloured decaying leaves, form- 
ini; flit; darkest-coloured objects seen at the bottom. These were all densely tangled 
with fringes of silvery gru. At the head of thn jmol, where the veloeity acquired by 
the water in the rapid immediately above it wus not yet greatly dimimshed, an ap- 
pearance of n diflerent kind preaented itself. There are here aeveral la^ atonea in 
the bed of the stream, bnt none of them projecthig above the water. On the fiusea of 
these opposed to the stream there were seen quantities of gru of a different aspect 
from that further do^m. It was not arransred in the same cauliflower shapes, but in 
angular masses, like u reaths of snow blown by the wind. It wanted, too, the .silvery 
glance of the other, and iiad moix: the appearance of a pale ahh-coloured nmd. On 
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reaching it wttli the end of a pole, its cun$<istency was found to be less firm ; in fact, 
it was only a heap of detached imcenaented spiculsc. pressed against the stones, and 
retdned there mechanically by the action of the water, m a cwtain modified state 
of its velocity. The source of these heaps of uncemented spiculse will soon 1>e no- 
ticed. This pool, as indeed was the case with all the pools in the river, had at its 
edges and in its little bays narrow pieces of sarfiu^iGe« extending a foot or two from 
the banks. 

The rapid immediately above thi^ not vnfike thai at the htHgt, was covered at 
the bottom wiUi ailvery gm, with one exception. The river was low at the time li!om 
long-continued deficiency of rain, and the water had deserted the south side of the 

channel, leaving many little pools among the stones, communicating- more or less 
freely by irregular little currents with the main stream. The pools were covered over 
with sheet-ice, and that with a thin opake deposit of lioar frost like snow. In the 
little cnrrencs retuming^ from under tins ice there was no fnwen matter. 

At the head ni this rapid there is a pod nmcb deeper and stiller than that al»ove 
the bridge-rapid already described. The depth is five feet, and the stillness such 
that, at many points of it, there is no ripple or wave on the surface. N'one of the sil- 
very cauliflower-like ice was seen on the bottom here ; htit near the liead of it, in a 
modified state of the current pouring in from the rapid above it, there were, on the 
ftces of several large stones opposed to the stream, ooUectiona of imcemented icy 
spienlae. 

The source of these collections was very readily observed in a great rapid intme- 
diatcly above tliis. In that rapid the water has a much quirkr-r dorf nt than in the 
others referred to It is about a hundred yards long, and cdmhrred with many large 
stones, over wtiicli, at many points^ through its whole iengtli, tfie water breaks with 
a great deal of spray. Here an immense quantity of gru occupied the bottom, im- 
peding much the course of the stream. At the time of. observation many pieces xif 
this gm were seen edging and in some instances breaking quite away from the bot- 
tom, apparently by the increasing pre<»sure of the %vater, as it became dammer] l),it k 
l)y the increase of the grn itself. This at least was the appearance, although there 
may havt; been auother cause for the disengagement of it from the bottom, and that 
is, tiie impeding, by the imperfectly translucent gra, oi that radiation of heat firam the 
bottom tridch, I trust in conclusion to demonstrate is the immediate chief agent in 
the whole phenomenon. 

It is now to be observed, that a number of pieces of loose gru, the origin of which 
was so clearly ascertained at this last rapid, were floating down in all parts of the 
river, lu passing through the rapids, they were broken into fragments, and, where the 
fiiU was rioknt, shivered into minnte pieces. The larger pieces (hat remained aiker 
passing through the ra{nds floated at the surlhce, imme^atefy as thq^ got into the 
uniforn)1y flowing currents at the heads of the pools ; bat the minuter ones* mixed with 
the water to all depths by the plunging whirls in the rapids, not being so speedily 
disentangled from their cohesion with the water, by the action of gravity, floated 
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for a greater distance itninersed in tlie water, and were interceptef! by, and mecha- 
nically retained agiunst, the faces of the stones by the action of the stream at the 
heads of the pools. Further down, and in stiller water, where do such intercepted 
heaps wene «een, their buoyancy bad, no doubt, by degrees, overoome the cobenon 
and raiaed them to the inrfooe { and in &ct, hi the still water, many minute icy fng' 
mcnts were floating in the surface. 

Mr. Knight, the celebrated botanist, quoted by M. Ara(.o, has obviously, in part, 
but not completely, distingriisheil between the " frozen matter which reflected a sil- 
very kind of whiteness," which covered the stones in tiie rocky bed of the river, and 
** floating spicule under water/* which he found to '* accumulate mudi more abun. 
dantly upon sadi parte of the stones as stood opposed to the current, where that was 
not very rapid, below the little falls or very rapid parts of the river." 

In the smaller stnvtm of the Lt oehal, the quantity of ground-^ru was compare^ 
tively much more abiuuiunt, occupying the bottoms both of the pools and rapids in 
close mashes, and in the latter, at many parts, forming such an impediment as to 
urge the water over its osnal tianks. Bat th^ were two remaikable exceptions* 
One of the poofa flows dose to the foot of a steep bank abont flfteen feet high, and 
in the side next the bank tiiere was little ground-gru. In a rapid, which at a turn 
of the river has an easterly course, there was a very dense fringe o( Pfiaffrris anaitft- 
nacea standing, with its dense foliage of withered leaves, in the south edge of tiie 
water. Its height was four feet, and it extended fourteen feet in length along the 
stoeam. At the foot of it the bottom of the rapid was dear of groand*^ra to the 
breadth of three feet. 

Tlie temperature of the air and water, at the time of these observations, was parti- 
cularly ascertained. That of rhi' air at sunrise, about an hour before the observations 
commenced, had been 23° Fahr. ; but it was rising rapidly during their progi-ess, and 
was at 36° Fahr. before their conclusion. The temperature of the water in the Don 
varied from 33* to 33* Fahr. t but the variation conld not be distinctly traced as de- 
pending on the depth or velocity, as there was a temporary variation in the same 
place, botli in the pools and rapids. At one of the small streams, returning from 
under the sheet-ice on the little pools at the edg'e of one of the rapids, the tempera- 
ture was nearly steady at 33" Fahr. In the Leochal the temperature was nearly 
Steady everywhere at 33* Fabb. 

By 10 o*clock AM. on the same day, a elond obscured the whole sky, and at 3 o'clode 
9M, the temperature of the air was 40° Fahr. At this time much gru rose from the 
bottom and floated down the streams of both rivers. The relaxation of the frost, 
however, was of very brief continuance. Before sunset the temperature of the air 
was again down to 31^ Fahk., with a perfectly calm air and clear sky ; and the clear 
sky continned till the evenmg of the 7th of Janoary, the thermometer during^ the two 
intermediate lughta bang at 38*, and during^ the intermediate day at 36^. 

The same parts of the Don and Leochal were again examined at 10 o*ck)ck am» on 
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the 7th. In the Don the ground-grn now covered all the bottoms of the pools as 
well as of the rapids. It was of less depth in the deep still pool below the great 
rapid; iNite^WTirtieredMHIbrmedagreatiiDpeAiiaittotbe itr^ 
mudi above its fwmer levd that it covered de^ly the pieces of sbeet-{os formed at 
the edge on the 5th. New pieces of similar ice were mnr Jbrming ut the same places 
on the more elevated Bur&ce. The Leocbal was stiU more ini|Mded hy, the gni than 
the Don. 

But, what is worthy of particular notice, the clear spaces of the bottom, at the 
piers, abutments* and emhankin|^>wall8 of the bridge on the Don, and at the Phalaib 
grass in the Leodial, still continued so, but were now oonsiderobly narrowed inthdr 
lateral dimensions, the ground-gru having encroached upon them on thesides nest the 
streams. The temperature of the air was 34° Fahu. ; of the water, everywhere neariy 
steady at 32*". 

•Several circuiu stances occurred on some sulraequent days which dei>erve to be no- 
ticed, as throwing light, by the oontrast wluch tli^ eadubit, on the phenomenon now 
under consldemtion. On the 8th of January there oocnned a thaw, when tbe tbeiv 
momeler suddenly rose to 47^ Fahr. The rivers were speedily cleared of ice and 
groiind-jriu, which last rose fiom the bottom and floated away with the stream. The 
atmosphere at the time was considerably clouded, with a brisk S.W. wind. On the 
9th of January the temperature of the air fell to 30"^ Fahr. ; and on the morning of 
l(Mb January, with a temperature of the air at SH^Fahb., then was a iUI of snow, 
of about an inch deqi, whiob ceased by 8 o'clock a.ii. The snow that fdl kto the 
rivers was observed to be entangled, and stndc fiist, in irregular cmsiied masses, in 
many parts of the rapids ; and there were collections formed of loose spiculee of fi 
iiuiddy aspect, at the sides of the stones opposed to tbe streams, in the heads of the 
pools, where the velocity of tbe currents was intermediate between that of the rapids 
and that of the stiller parts of the pools; but then was no appearance on any part 
of the bottom resembling the f^mmetrical cauliflower-shaped groraid-<gm> . On the 
evening of the lOth the temperature of the air fell to 23"*, and continued at from 23* to 
21''till the morning- of the 12th, with a densely riouded state of the sky. During this 
time extensive sheets ut suriace-icu were formed on the pools of the Don, and many 
of the pools of tbe Leochal were quite frozen over, but the ground-gru was nowhere 
renewed; on the contrary, the masses of snow entanj^tod in the rapids on the lOdi 
disappeared to a great extent, obviously floating nway in the stream. In this state 
of the river and weather, the collections of uncemented spiculee, on the faces of the 
stones opposed to the streams in the heads of the pools, appeared in their places the 
Muue as before, neither increasing nor diminishing in size. 

M. Araoo, m his paper, refers to three cirenmstances, as partly, at least, expla- 
natoiy of tbe fwmation of groundogru in running water. 

Ut. Hie inversion, by tbe motion of tbe current, of the hydrostatic order, by which 
the water at the surfocei cooled by the colder air, and which at all pcnnts of the tem- 
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perature of water under Fahr. would, in still water, continue to float on the sur- 
face, is mixed with ttie wuriner water bi low, and thus the whole body of water to the 
bottom is cooled alike by a mechanical action of the stream : 

ihid. The aptitndtt to the formation of erystab of ioe on tiie atones and aiperitiee of 
the bottooi, in the water wholly cooled to 99% rimilar to the readiness witli which 
crystals form on pointed and rou^h bodies in a saturated ^^allno solution : 

3rd. The existence of a less impediment to the formation of crystals in tlio f^lower 
motion of the water at the bottom, than in the more rapid one near, or at the surface. 

There is no denying the justness ot these three positions, and yet the slightest re- 
flection teadies ns that ndther singly nor combined do they lud us in anewednjp the 
main qoestlon b^re ns, " Why is ice formed sometimes at tlie aurfiice of nmning 
water, and sometimes at the bottom All tbe circumstances, or conditions, referred 
to bvM. Araco, are present when ice, as most frcqnently takes place, is in the course 
of being formed only on tlic surface, as well as when the formation is going on at the 
bottom. Wcia we to uduiit them us an answer to our question, then running water 
ought alwap to freese first at the bottom. But a most cKtenMve oqierience teaches 
na that tbis Is not tbe case. Tbe illastrations ct Aeaqo, indeed, just and tme in 
themselves, are not to be overlooked when we would investigate and explain the for* 
roation of ice either at the bottom or at the surface. They will serve to enlighten m 
greatly in both these events, but they have no exclusive relevancy to either, and we 
must tiierefore look out for another solution of tiie problem. 

M. Araoo, In bis conclndon, does not present tliese three circumstances as a com> 
plete explanation j but he says, the reader may ask why he has not done so, and be 
answers to this, " that we have no observations which prove that this kind of ioe Is 
seen, until the temperature of the whole of the water is at zero" (centigr.) ; and that 
it is not certain that the little icy particles, seen by Mr. Knight, floating on a milldam, 
at the time grouud-ice was forming in the stream, and wliich may have acquired in 
contact with tiie air a temperature bdow zero (oentigr.), do not play an important 
part in tbe phenomenon wbieb he has overlooked. 

In regard to the former of these points, I cannot say what M. Arago would have 
deduced from it, had it been established in one way or the other. The nhsrr vations 
made on the Don on the 5th of January show that the temperature of the whole 
water was not quite down to 32° Fahr. when the ground-grn was forming in large 
quanti^. In regud to the latter, tbe little icy particles seen by Mr. Kkioht, the 
same condition belongs to them that bdmigs to the circumstances professedly adduced 
by M. Abaoo as explanations ; that is, they occur as well when the ice is forming on 
the cnrfji'^e only ris when it is forming on the bottom. They account well, however, 
for tlie collections of frozen matter seen by him at tlie sides of the stones opposed to 
the stream, in parts where its velocity had a certain modification. 

And here I may advert to tbe e3q»]anatiim oflfered by the Rev. Mr. Eisdau, In Ins 
pcqper already referred to. Fkmn the information he received, he was led to bdleve 
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the gronnd-gru docs not occur bat when there is a hoar frost on the ground ; and be 
exphuns the ground-gra to be particles, or crystals aa he afterwards names them, of 
hoar frott pracipilaled into the water, retail^ there the ahapes in whidi thejr de. 
flcended, hrougfat into contact with the rocka by the agitation of the water, and 

forming nuclei for the accnniulation of ground-gni. Could it be proved that sucli 
crystals avc prTripitated into tlic water, tliey would serve no more for explanation 
than the icy particles of Mr. Knight. We have learnt, indeed, from travellers in 
high northern regions, that, in oertain itatei of cold and moiBtiive of tiie air, such 
cryatabj as Mr. EianAW assumes, are there seen and felt floating in it; but notliing 
of that kind was observed in January last ; and when Mr. Eisdale, from the exist- 
ence of spirilla^ of lioar frost on the ground, wonki infer the like may be formed in 
the air to fall into the water, lie neglects to take into the account, that the spicula; 
of boar frost have not fallen from above, but that their symmetrical arrangement, 
round on ali sides of tlie liodies on wfaidi they are found, and thor slow increase, 
prove they have htea. deposited on their phees 1^ a gradual dqiosition of imririble 
vntery vapour, owing to the substances to which they are attached being coded 
below the temperature of the surrounding air, by the radiation nmrle l:nf>wn tons 
by the experiments of Dr. Wells. Besides this we have to remark, thai the ground- 
gm sometimcss takes place, agreeably to the ialonuation of one of Mr, Eisdalb's own 
correspondoits, in a irindy state of the atmosphere, at which time no hoar frost is 
seen. 

The interesting experiments of Dr. Wsixs just referred to enable us to give, after 
all, a very satisfactory explanation of the gronnd-gra -, and Mr. M'Keever, quoted 
by M. Arauo, had gone far to illustrate it by means of them, although he had over- 
looked some conditions necessary to be taken into the account for a complete expla- 
nation. M, Araoo, however, entirely rejects the eiplanation <tf Mr. M*Kbbtib, and 
it is fidr to let down the terms in which he does so. 

After having shown that the ground-gru cannot be explldned by the action of the 
moon*, according to the sailors, nor by the friction of rnnning water producing mom 
heat at the surface than at the bottom, nor by referring its source to the smaller 
tributaries of the streams, nor to different layers of ice formed at the several surfaces, 
when die water in the from wliatever cause, is in a state of varying faUness, 
all of which have lieen assigned aji causes of the gronnd-gru, M. Arago proceeds; 

" We come now to Mr. M'Keevkr, who, confining himself closely to the most 
subtle principles of the thcor\' of heat, has not on this account been more fortunate 
than his predecessors. According to this author, 'the rocks, stones and gravel, 
which generally cover the bottom of rivers, have powers of radiation superior to 
those d mud, perhaps on account of thehr peculiar nature, but chiefly beeaose they 

* Tills explmifttiaa of die lulon is m oonfimuliaa of wbat I Inme itited, ttit flie gni oerer appears Imt 
tinder ft clear sky. The constant obwrradon of the Bailors has associated, in their minds, the shiiuBg of th* 
W>oa with the groaiid.(;iui bat the noon never Aiam, to eiate great «tteDtM)a, but in » clew e)qr« 
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have ron^h iiurfaces. Thus rocks in large or sm.ill inasses vrill become iniich cooler 
in consequence of radiation : when the titiiiosplicricai temperature is very low, they 
of course freeze the water which touches them.* It is mmecessary to examine here 
wheUier heat nufiales through ft tiddc layer of water, as Mr. BTKibtbr supposes, as 
the most rimple observatioa is sufficient to overthrow it. Where is the person who 
has not observed that the strong radiation, which the Irish philosoplier admits, would 
be more plainly manifested, or as completely, in still water than in running water? 
but no one has seen a piece of iitill water frozen at the bottom*.** 

But there is nothing more easy of experinental proof than that heat radiates through 
water. I do not mean, howem, to vindicate the reasoning of Mr. MKxvm re> 
apecting the more powerful ratUation of it froDD stones than from mud. His reason- 
ing respcctiuf^ that matter is, on his own part, conjectural, to explain the readier 
formation of gruon a stony or gravelly bottom ; but the gru also forms on a muddy 
bottom, a fact which M. Ailico notices, when he brings the attactiment ot mud to 
the under side of the floating flakes as a proof that they have been formed at the * 
bottom. Mr. M^Ksavaa was driven to his conjecture from having overloolced the 
more complete and sudden inversion of the hydrostatic order that takes place over 
stones than over mud; wliich last is deposited only in places where the water has a 
Stiller and more equable motion. In such places the n:round-gru is later in forming-, 
and therefore is more rarely seen ; and it is doubtful whether Mr. M'Keever had u 
proper opportunity for notidng it in them. 

But to return to the nudn point wbidi we have here to nudntain hi opposition to 
the reasoning of M. Araoo, the radiation of heat through a body of water. When 
we construct an achromatic object-glass for a telescope, it does not the less remain a 
bnrning'lens when we have included in it a transparent fluid, and no experiment hcts 
proved that were the Quid water ihc ciise would be altered. We are aware of the 

danger that has been hicurred of setting fire to an apartment by an ornamental glass 
globe filled with water, and placed m the sun at a window. Bat as I cannot parti- 
cularly refer to circumstances of tunc and place of the cases now mentioned, I made 
an experiment on the subject with such apparatus as I could find readily at hand, 
having no access to better in a remote country place-f-. In a room, of which the 
temperature was 50° Faur., a semiglobular tumbler filled with water, contfuning 
about a pbt and a half, was placed inside a window, in the rays of tlie low but dear 
winter sun. The bulb of a thermometer, which had been previonsly placed in a 
similar situation till it rose and remained steady at 61°, was shifted into the brightest 
part of the fan-sliap»'(! focus of rays, into which the light was refracted through the 
tumbler. In this position it was raised in four minutes to 72°. It was again shifted 
Into the nnconcentrated rays passing througii tlie window, when it fell, but more 

* Edinburgh New Phikaophical Journal, vol. xv. pp. 132, 133. 

tItM7Nenalb«tidtob«*«]iMdnooBWto«iperiiiintniaMiO]i^ b«t tinnMOoedma ni «—d,itfln 
liiu tiiM, mdupoiaddc, to SMMieMODiop ]iion^ 
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slowly than it ha(] rt'-rn : and the eypprinient was repeatedly renewed with similar 
results, leaviag no doubt that the heat, like the light, radiated through, and was re- 
frteled by the wvlwr. If the fiict is «o in fC||;aRl to the radiation of heat through a 
OHIM of WKler four or'ftve inehet tbick, where ought ve to let the limiti of thicknciB 
of the laaM tbroagfa which it catinut pass ? ObviouBly only where the thhdoitoit ls so 
fi^rf'nt, that the aE'fTCg^ation of the fluiil, and of its minute impurities, prevents the 
intn^rni^sion of light, as in the deeps of the sea, but not within the ordinary depths 
of our clear streams. 

Of tiie^feet of iwIUttioa in oooiing down the rarfooe 4tf the ground, and snbctanees 
placed upon it, dnnag s dear sky, we cannot give a more Indd accooat than thai of 

M. Araoo, in his paper "On tbesnppo.i il Influence of die Moon oo Vegelatlon."- 
" No one had supposed," says he, " before Dr. Weli^s, that trrrr'^trinl substances, ex- 
cepting in the cme of a very rapid evaporation, may acquin (lin ing the night a dif- 
ferent temperature from that of the surrounding air. This important fact is now well 
ascertained. On placing littto mMses of cotton down, &c. in the open air, it is fre- 
quency observed that they aeqnbe a temperature 6^ 7", or even 8^ centigr. below 

tliat of the surrounding atmosphere These differences of temperature hetweei) 

solid bodies and the atmosphere only rise to 6*", 7°, or 8° of the centesimal scale, when 
the sky is perfectly clear. If the sky is clouded they become insensible." This lucid 
statement, however, requires one modification ; for the greater cooling of the solid 
substances, under a dear sky, takes place not only during the night, bnt also'duriaif 
the day, in i^aees not directiy exposed to the san*s rays. 

This radiation, as it passes fredy through the transparent atmosphere, may, as we 
learn from the above experiment, pass also thron^'h thr transparent water, to cool 
down the solid sulistanccs at the bottom l>clow the temperature of the surrounding 
fluid. That tluid is permeable to radiating beat as well as the atmosphere. The 
application of tbe thermooMter, in the bands of 0r. WniM, instructed as regarding 
ib» cooling of the snifluse of tbe ground » bnt the water of a river, placed under the 
very same condition of n dear sky, flnSd above and freezing below, is a great natural 
Uiermometer, teaching us that a corresponding cooling is ^oing- on on tbe surface of 
the solid opake substances of the bottom. In fact, if we may so speak, the plietio- 
raenon of tlie ground-gru is the result of an experiment in the water, entirely similar 
to that of Ibr. Waus on the land, performed by nature on a large scale, and pre- 
salted to us for our interpretation and instmetion. And when we look iMwk to the 
observations made in the month of January, we find the results of the modifications 
of this great natural rxperiment corresponding with those of similar oiodiAoations of 
the experiment on ttie dry land. 

The cooling of the surface of the ground by radiation, discovered by Dr. Wells, 
takes place only under a dear sky. It is therefore greatly mo^iied on parts of tbe 
gtonnd screm^ from a part of the sky by opake ot|yects, as walls, trees, het^jes. 
lo illustntioB of tbe extent to whtdi a screening or sliading body, near at hand,- 
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modifies the radintion. I shnl! dftail some observations I made on the 7t[i of January 
last, incidentally in the hrst in^itance, but then extended, in reference tu the ubscr- 
vstioiM on HMgnmnd-gru, vbieb I was nakioff at the tiaie. HaviBg ooeaaion that 
day to di|^ into fcoeutly hoed gnnaA, in the middle of a garden, remote Irom diad^ 
the floil was observed to be frozen to the dq»th of foar inches, by the clear frost, 
w!iirh had continued from the Ist of Jannary, with the triflinj^ intprmis«!ion above 
uieniioncd. On dig'ging- into similar ground at the nnrtii hitse of a wall six feet 
high, the soil was found, close at tiie foot of the wall, frozen to the depth of only 
hatful inchi at a fbot distamse from it, about an inch t at two feel» little more; and 
it was only at the diatanoe of ten or twdve feet flmt it was fioien hard to the depth 
of tlu-cc inches. A similar modification of the efiect of radiation was observed in 
the shade of trees. Under the Scotch fir the soil, slightly covered with decajing 
herbage, was not at all frozen; although in similar ground similarly covered, but re- 
uiote from shade, it was hard frozen to the depth of two or three inches. 

Now the gronnd-giu in the rivem vaa modified in a way strictly simihur by the 
elbct of shade. Hie bridge of Alfeird, over the Don, is happily situated for illns^ 
trating this, being on one of the rapids, where (he ground-gru is earliest and most 
abundantly formed. While the other rapids, and tlie lUTihadod parts of this one, 
were quite occupied by gru on both the 5tb and 7th of January, spaces in the shade 
of the masonry at this bridge were quite dear of it. It cannot be admitted as an 
es^anation of this ftet, that heat may have been there laterally tiansndtted to the 
water by contact with the pien and walls ; for if this took piao^ why then did the 
clear spaces on the bottom narrow gradually towards the low extremities of the em- 
banking w;dls' Besides, the transmission of heat laterally had not Iniulered the for- 
naation of surfacc-ice, in contact with a pier, on a piece of still water under one of 
the arches. The modification of the radiation by shade was also ezUbited in the 
absence of all gra on the bottom, along llie foot of the dense bift of Fbalaris grass 
in the Leochal, where there could be no more transmisBion of beat laterally, dian at 
the general line of the grassy banks of this stream. 

The water, too, returning warmer from ttnder the surface-ice, on tl»e little pools at 
the edge of one of the rapids, is another instance of the modification of the radiation 
1^ shade. The fhin wh^ opake oofnii^ of hoar frost on the tot prevented radia- 
tion, at least in a great measure and the heat of the bed of the river, in the oourse 
of continual transmission upwards, from strata not yet cooled to much depth by the 
frost, finding no outlet by the radiation, was eiEpended in heating tlie water by con- 
tact. 

There was another phenomenon observed on the &th of January, (althougti uo 
longer seen on the 7th, being then coneeaied by the immense formation of gru,) 
which can be readily ei|damed by the admission of the radiation of beat through 
the water, and therefore goes to support the justness of the theory. The tufts of 
water starwort, in the deqiest and stfllcat parts of one <tf tlie pools, were the darkest- 
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coloured objects seen at the bottom, and they were frini:t'd iii every part ^r^th spi- 
culee of !^ni, at a time while it yet occupied little of the hottoiii of this pool. The 
experiments of Boyle, Fkanklin, HuMraRn, Leslie (although he denies the conclu- 
don hinudf), Davy, and Stakk appear too uniform in their reanUs to kaye any 
doubt remaining, tliat dark-coloured bodies both aliaorb and radiate beat more freely 
than thoee which are light-coloured. It is in consistency, then, \nth an ascertained 
law of the radiation of heat, that the very dark-coloured tufts of the water starwort 
should liavc been the first bodies in the pool cooled to a very low temperature, and 
of coui-sc first covered with gru. 

In arguing the whole questim, let iu not forget to assign a proper value to the 
illustrations of M. Ahaco. The first of them suggests a ready and satisfiu^oiy answer 
to one of the objections wliich he brings agfunst the theory of radiation, which is, 
that tin; effect of it should l)e as readily manifested in still as in running water, and 
yet no one has seen a piece of still water frozen at the bottom 

In still water, that hydrostatic order, which M. Abaco has so wcU illustrated as 
bdonging to water when redooed to a temperature under 39^ Fahil, has free play to 
cscablisb UtOS, and is not inverted by the medhaidcal aetion of a stream. Wbea the 
temperature of a body of water is under 39", then the coldest portions of it are the 
li;»htest, and naturally rise and float on the surface. When in a still pond the water 
nearest the bottom has been cooled below the general temperature by contact with 
the sdid mat«nals cooled by radiation, it is displaced by the heavier warmer water 
above. Hence ice forms first on the sur&oe by the meetmg tiiere of both the cold 
of radiation and that acquired by contact with the incumbent cold atmo.spliere. 

M. Arago's illustrations also furnish us with a satisfactory explanation of the 
curious facts, that the ground-gru makes its first appenmnee in the more rapid and 
agitated parts of the stream, and begins to show itself on the bottoms of the stiller , 
parts, and to accnnmlate thane in quantity, only after a longer continuance of the 
clear frosty weather. In the rapids the hydrostatic order is overturned, and the 
colder, wliicli is also the lighter, water not only mixed witli the warmer below, but, 
at the whirls of the g^reatest rapids, brought suddenly, without much inixiufj:, into 
dirt^ct contact with the bottom, pooled still lower than itself by radiation. If the 
w.'iter is at the temperature of 32 ' Faur. it can give out no heat to the colder bottom 

* There Ik un exception tu the universality of this poeition, which, although rare, I have gomctimcB witnessed ; 
and as the phenomenoa is in accordance vith the theory of the radiation of heat from the bottom, it deserres 
MidEe. lalittepaiidsofmfcotcirtiiod*^, diiftodbteiatiwBiitembte 

of whicb there are mnny cxsimplcs in thU neighbourhood, after they have been covered, owing to hard and long- 
continued frost, by a thick sheet of ice, that ia tome times nearly melted off, and the remaiaing fragments 
diivtn to the lea nda by ■ rtmog nwtedy gih <if Mgh iempetmtnre. Snob m gd*. in tlui cSoiate, ftvqwotlyt 
towards its roncluf^itjii, hhifU to N.W., when Ihi' trm]>Rrature of the air falls agaiu Lelow the frceziug'point of 
water, with a generally clear sky. In such peculiar ciFCumstances the little ponds ore suddenly filled with gni, 
eaaunniEiB^ it, ud diDoting up fron the bottoin. He vkole mm ii k«ie at W Fabi. lAm. dw gm be. 
gbw inakgt and fa|diaitMk tttdcf ie dBnuead bf tiie wiiiil. 
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Without part of it being converted into ice, the spiculse and crystals of which find a 
solid body for their attachment at the very point where the heat is given out*. 

But while in this manner we can explain some of the incidents, may it not be held, 
as above demonstrated, that the chief cause of the ground-gru is the radiation of heat 
from the bottoms of the rivers ? Every brunch of the phenomenon is of easy expla- 
nation when we admit the ndJation ; and among tlie rest a circnmstance to which I 
have yet made no reference, and that is, the diaiqppearanoe at the bottom of the water 
of the immense qvantily of heat, I4<f of Famr., which constitntea the caloric of 
fliddity disengagedj when water at 83" Fahk. is converted into ice at the same tem- 
perature. 

The answer to our original question then is, That ice is formed sotnetimes on the 
surface of running water, and sometimes at the bottom, because frost sometimes 
takes place with a clouded sky, which is incompatible with radiation of heat fruui 
the bottom of tlie stream, and sometinies with a clear sky, when that radiation takes 
place through the water, in the same manner as the experiments of Dr. Wslu prove 
it goes on, under a like sky, through the atmosphere. The bottom is by this cooled 
down below the freezing point of water, before the water itself ; ice is formed on it, 
and its detachment by transmitted heat from below prevented, as long as the radio* 
tion continues. 

• We may obscn c filso, that there is a local source of Ltouter cold of the water in the TUpUilt, io it* bdllf 
brought into more aedn and extenaive contiwrt with the air by the sharp tipple and epray. 
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Vbmmni April SOy— Bead Uiy 14. IMS. 

The cause of the dark colour of the blood in the venous drcnlatioa has long been 
a sabjeei of diaeuaaioii; bat erem at the present moment tiie queetion has not been 

iatisfactorily decided. 

It is universally admitted that the expired air contains carbonic acid, but it is still 
doubtful in what ]>art of the «yst<'iii this acid is formed. Lavoisibr maintiuned that 
carbon was the cause ot tiic dark culuar of the venous bloodj and that the acid was 
formed in the pulmonary organs, by the combinatkn of flat ouixm with the oxygen 
of the air. At one period tld* theory WM generallf adofited, though the evidence in 
its favour is almost entirely hj^potbetical ; for hitherto there has not been even one 
M ell-couducted experiment which proves the odstenoe of any form of free carbon in 
the venous blood. 

Another class of physiologists maintain that the carbonic acid is formed, not in 
the Inngs, but in Ae fenonl round of the great eirenhtion } in proof of wUdi 
some experimentalists have asserted that they had obtained carbonic acid from 
venous blood ; but others, of equal respectability, who hvre repeated the 8aine expe- 
riments, deny the existence of thi;? acid in the venous current. The air-pump iias 
hitherto been almost exclusively used for the purpose of deciding this question ; but 
the positive proofs which have been brought forward by the one class of physiolo- 
gists have been so completely oontradicied by the negative prooft of the other, that 
a great majority remains still in fhvonr of the old theory. In tuA, TnoBiuKN and 
Gmelin, the latest writers on this subject, are deddcdly of opinimi that venous 
blood does not contain carbonic acid. As this is a very important qnestion^ the fill- 
lowing experiments were made in reference to it. 

1. A glass vessel contaiaiug a small quantity of warm and fluid venous blood was 
put nnder the recaver of an air-pump. In proportion as the air waa exhausted, a 
number of globaks appeared to escape Heom the blood, which were at first smaU, but 
in proportion as the air was removed they became larger in size. 

2. A small qiinntity of venous blood, contained in a glass vessel, was covered with 
a layer of barytic water. This was put under the receiver of an air-pump. When the 

2 V 2 
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pump was used, globules were observed to escape from the blood, which passed 
throogb the barytic water, but the transparency of the latter was not a&cted. 

The annexed sketch is a repreMntation of an appacatna which was inveitted by 
Mr. SQtlilB, of Duke Street, Grosvenor Square, and used b the fd- 

lou'ing; experiments. To a double-necked pint bottle, a, two glass 
tubes were fitted, one, b, tisrerKling^, the other, r, descending. The 
asccndiu^ tube is terminated by au air-tight box, having an aper- 
ture, over which a sUde is moved by means 4^ a strong wire. The 
descending tube is terminated by a brass orifice, which is closed at 
pleiisure by a brass cap, having a cone in the centre surrounded ^tb 
leather, and moved with ;i slidinL'; wire, d represents a four-ounce 
phial with a loop of wire round the neck, by which it is connected 
with the descending tube. The phiul was lilled to the double Une 
with distilled water. 

8. Hie pmt bottle and both tubes bring filled with pore hydrogen gas, the ori- 
fice of the upper tube was placed on the skin, near the bend of the arm ; a vein was 
then opened, and the orifice slid carefully along^ until it included the inf i<;ton which 
had been made by the lancet. The valve was opened, and us the blood pa.ssed into 
the bottle, hydrogen was expelled through the descending tube, the orifice of which 
was i mm ersed in distilled water. As soon as five or sfae ounces of blood bad entered 
the bottle, both the orifices were carefully closed. The orifice of the descending tube 
was then immersed in ban, tic water, and the valve being opened, the whole was 
placed under the receiver of an air-pump. In proportion as the air was removed, 
the hydrogen, as well as any gaii that nii^ht escape from the blood, passed through 
the barytic water, without, however, producing the slightest change in its trans- 
parency. 

From die first of these ezperimcnts it might be inferred that a gas is capable of 
being removed from venous blood i)y the air-pump : but tliis supposition may pos- 
sibly be erroneous ; for sinnhir globules appear to arise when we use water, even 
after it has been boiled and then cooled in a close vessel to 98°. The second expe- 
rim<mt shows that this appearaDoe Is not due to the escape of carboidc acid; and 
from the third experiment it Is very obvious that carbonic acid cannot be so obtidned 
from venoos blood wluch has not been exposed to air. 

4. About four ounces of scrum were put into a Hopk's eudiometer, the upper divi- 
.sion of which contained four tenths of a cubic iricii of carbonic acid : they were 
agitated together, and after a few minutes tiie serum had absorbed the whole of tbe 
add. This impregnated aerom, without being exposed to the air, was tninsferred into 
the double-nedced pint bottle, whidi had previously been filled with hydrogm, and 
u4llch was immediatdy put under the receiver of the lUr-pump. When the pump 
was used, the liylrfi^en, as well as the gas which appeared to e>;( ;ipe from the senutt, 
passed through the barytic water ; bat its transparency was not aii'ected. 
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From this experiment it is obvious that scrum (consequently blood or other albu- 
Dunoiis fluid,} may absorb carbonic acid, and so retain it as not to be separable by 
the mere removal of the pressare of the aar. 

The air-pump has hitherto been wed almost exclusively by the experimenters on 
venous blood ; and those who deny the existence of e.irbonic acid in it, du so almost 
entirely on such evidence. The fact of their not bavin*,'- thus obtained this gas is cor- 
rect } but there is an error in tbe conclusion drawn from it, whicii h the eliief cau&e of 
the difference of ofniiion on fhh subject ; for Mcb experiments only afford a positive 
proof that carbonic acid camiot always lie obtained from blood placed under tbe ex- 
hausted receiver of the air-pump : but, with respect to the existence or non-exi8tCn<» 
of such acid in the blonrL the |)roof is merely negative ; for jn f vperimcnt 4. the pump 
did not separate earbotiic acid from serum previously impreg^nated with it : conse- 
quently such experiments are inconclusive. 

6. Carbonic add was introdneed into an empty bladder that had been prendonsly 
wdl moifltened with warm water. When the Uadder was distended abont one third, 
its neck was iirrolytied with a waxed thread, by whidi it was suspended in the centre 
of a receiver of an air-pump. When the pump was worked, the bladder iiicre;ised in 
volume, and iu a few seconds was much distended. Nearly the whole of (lie atmo- 
spheric air was exhausted from the receiver, but the bladder, thougli api>arently very 
tense, did not burst, neither did it decrease in nse. A shallow glass Teasel contain^ 
mg barytic water bad been placed under the same reodver, bnt the transparency of 
this was not affected. Hydrogen was then transmitted into tlie receiver, and the 
bladder was redneef! to the same size as when first suspended under it; but, after an 
interval of four licnrrs, it had become perfectly flaccid. In fact, there was scarcely a 
particle of carbonic acid left in it, and the batytic water within the receiver contained 
a quanti^ of carbonate 4^ baryta. 

6. The donblfr-nedced bottle was carefully filled with pure hydrogen, and about 
ive ounces of blood were drawn into it from a vem in the arm, in the same manner 
as in experiment 3. Both the orifices of the bottle were then closed, and the blood 
and the hydrogen well agitated together. After this the lower orifice was iuuuersed 
in distilled water, and tbe bottle left nndistuibed for nearly an hour, to allow the 
hydrogen to acton the blood. Hie orifice of the descendfaig tnbe was then immened 
in boiytic water, tbe lower valve was opened, and the whole apparatus put under the 
receiver of the air-pump. When the pnmp was used, the gas which was over the 
blood passed through the barytic water, and immediately rendered it turbirl This 
experiment seems to prove that venous blood does contain carbonic acid ; and us the 
only diflterenoe between eaperi m e nt a 8 and 6 was, that in the Ibnner the pump was 
used tsMMi&rfel^f, and befine the hydrogen had time to act on the Uood, whilst in 
the latter the hydrogen was allowed to act nearly an hour, it would appear that the 
hydrogen ha.s some power of removing the carbonic acid, and that this removal may 
even take place through a membrane. In the last experiment, the blood which was 
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used had been carefully excluded from atmospheric air^ and the hydrogen was pure ; 
consequently tbe carbonic acid could have been derived from no other source than 
the venous blood itself. 

7. A few ounc^ of venous blood drawn into n dottble4iecked botde 
viously filled with hydrogen. After having been gently heated, the hydrogen was 
found to contain carbonic acid. This cyppr iTnt rit was made at Copenhagen in the 
beg^uiiing of 1833, by Professor Korchammf.r and myself; but the conclusion which 
we drew from it respecting the existence of carbonic acid in the blood was by SotM 
objected to, in consequence of the intcrftience of heaii tbe air-fHunp ekperiments, 
however, remove all sndh objecdooi. 

Dr. Edwards confined some animals in an atmosphere of hydrogen, and they con- 
tinued to live for a oojisidorable period, during which it was found t)uit the hydrof^en 
had acquired a poitiou of carbonic acid, which in some cast^ wai> equal in bulk to 
tbe size of tbe animals. By some these experiments were considered as conclusive of 
tbe evolution of earbonie acid horn venous blood ; but others maintained tbat there 
might have been a sufficient quantity of oxygen in t!ie pulnionaiy cells to account 
for the formation of the carbonic acid. This ofajection is also removed by the above 
experiment. 

Dr. Mitchell ot PhiiaUelpliia made an experiment in 1830 witti hydrogen and 
venous blood, but without obtaimng any carbonic acid. Mr. 6. H. Howmam of linw 
gate made a simihir experiment in 18SS, and obtained a sufficient quantity of car^ 
nic acid, not merely to render lime water tnrbki, but even to render the hydrogen 

uninflammable. These contrary re!?nlts seem to me to have arisen from Dr. Mitchelt. 
havmg ut-ed the air-pump immediateiy,dAV^ i^efore the liydrogcn had titTic to act on the 
blood so as to displace its carbonic acid i whereas Mr. Hoffman agitated the hydrogen 
with the blood, and probably allowed a sufficient time §at tb^r mofaal action. 

8. A small quantity of venous blood was drawn into the donbis-neoked bottie, 
containing atmospheric air, the valve at the oriiice Cf the ascending tube was closed, 
and the orifice of the descending tube was immersed in barytic water. The bottle 
was put under the receiver and the pump immediately used. But in this experiment 
the barytic water was not more affected than it would have been by a similar quan- 
tity of common air. This proves timt when the Mood is exposed even to common 
air, carbmdc acid cannot be obtained, when the pomp is used immediately, and before 
any change of colour in the blood hu taken plaoe» tbat is, before the air has had 

time to art upon it, 

9. A small quantity of blood was drawn into the double-nocked bottle coiitaiiiiriir 
atmospheric air, as in tbe last experiment. Both of tlie valves were closed, and ujter 
^UaHan, the hotUe mu tUowed lo t^md about on Aour, durir^ whidk Ifte aAmr 0/ 
the hkodtiimgdi from venom te wUrieL The lower orifice was then hnmersed In 
barytic water, the apparatus was pat under the receiver of the idfi-pump, and when 
the pomp was used, tbe gas which escaped gueea an% OfpetBrtmee to the batytie 
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water, in the eighth experiment the pump was use<i iiii mediately, and before the ^i* 
had time to aet on the blood, or tho blood on the aSr» hk the last, one hoar wm al- 
loirad for the action of theae agoUe i^on each others during whidi tiie blood oo 
the enrfhoe changed from venont la arterial, and the air over the hlood received ihe 

addition of carbonic acid. 

Tliost! who maintain that carbonic acid is formed in the lungs will say, that in the 
last experiment the carbon of the blood attracted the oxygen of the air^ uiid that the 
oarbonie add ao formed waa then evolved. But tiiere ia one drcnmatanoe which ia 
I dihik fiUal to aaeh an explanation, foridl the adda blacken dieblood, and carbonic 
acid possesses this blackening property In a remarkable degree. When we agitate 
a small qiianrity of carbonic acid with arterial blood, the colour immediately 
changes to venous, and when we add carbonic acid to venous blood it becomes 
almost black. Now, if the carbon of the blood attracted the oxygen of the air, and 
if the carhoide acid were tiina formed ui tho blood ilaelf, it ia evident that the Jim 
eflhct of the air on the blood would be to make this fluid bbu:k^ than it bad been 
before ; but the opposite of this is the fiact, for the Jirst effect of the air is, not to 
blacken, h\\\ to bi ighten the blood ; consequently, from this alone, we may infer, that 
the acid is not formed diuing the experiment, but that it exists ready formed in the 
blood, and that it ia only removed, and not produced or formed, by the atmospheric 

BIT* 

I have already observed that one ckss of experimentem have obtained results by 

means of the air-pump vvhicii arc in direct opposition to those obtained by others. 
May we not now, from the above cxperimenf'', explain this ditTcrcnce by supposing 
that those who coidd not obtain carbonic acid mode ttieir experiments before the air 
had had tina to act on the bhiodfWUlat tlm otbert had allowed aome time to elapae ? 

Ftom the preceding atalement we mqr, I diinlc, conclnde, 

Ist, That venona blood contains carbonic add; 

2nd, That the mere effect of diminished pressure npon the aurfoce of the blood tl 
not necessarily followed by the escape of its carbonic acid*. 

We have seen in some of the above experiments that atmospheric air possesses a 
proper^ of removing carbonic acid from venona blood; it becomea therefore a 
qoeation how thii effect ia pvoduoed. I have aaoertained that nitrogen la Indfeotive; 
we may therefore infer that the oxygen is the prindpal agent ; and that anch ia the 
fiiCt is proved by the following experiments. 

10. A piece of moist bladder was tied firmly over the mouth of a tumbler contain- 
ing pure oxygen gas. This was introduced into a large bell glass hlied with carbonic 
add. Ia a abort period the memlwane which had been tied over the glass became 
convex, and ao tenae that it iqipeared to be on the pdnt of bnrating. (ki awuniidng 
dw air contained in the tnmUer, it waa fonnd that the oi^gen had dnwn in a krge 

* In petfonnlQf the above experiments I waa aasisted by Mr. Samu, to iRrfaom I fed muler giwt oUlgrtiM 
f» tfM Mtlow sad alik OHiiMr in wUdi he aided IM in tbe 
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quantity of the carbonic acid i but no oxygen appeared to have passed <rat of the 
tumbler. 

1 1. A piece of moist blidder was tied over the month of a tumbler eonliyning car- 
bonic add ; this was introdnoed into a bell glass filled with pure oacygen. In a sh<Ht 
period the membrane became concave, and theoqrgm in the huger vessel was found 

to be mixed with carbonic acid. 

These two cxpcritnents prove that oxygen jju^-^esyts the |)ovrer of attracting^ carbo- 
nic acid, even through the medium of a membrane which is much denser tlian that 
interposed in tiie lungs betwixt the mr and the blood t consequently, the eitreme de> 
Ucacy of tlie pnlmonarjr mmbrane can be little impediment to the transmissimi of 
carbonle add in the process of respiration. 

I liave ascertained tliat snrh transmission, or, in other words, the peculiar power by 
whicli oxygen abstracts carbonic acid from the blood, is more energetic in a high 
than in a low temperature. Hence venous blood drawn in a warm room changes 
oolonr more rapidly than blood drawn in a cdd atmosphere. 

12. A few ounces of venous blood were drawn into the donble^iedted bottle whfeh 
had been previously filled with pure oxygen ; the valves were closed, the blood was 
well agitated with the gns, and the colour immediately changed from venous to arte* 
rial. The bottle was allowed to stand about half an hour, and was then placed under 
the recdver of an air-pump. When the pump was used the oxygen was found to be 
strongly impregnated witii carbonic acid i m ftct, the fint babbles of air which passed 
through the barytic water rendered it milky. 

From the rapidity of the change of colour from venous to arterial, or from dark to 
florid, in this experiment, it seems very improbable that any carbonic acid should 
have been formed in the blood, but that, on the contrary, it had previously existed in 
tlie blood, and that the whole of this bladcening gas had been instantly removed 1>y 
tiie oxygen. 

13. A piece of the intestine of a rabbit that had been recently killed was filled 
witli carbonic arid, and suspended in a bell glass ronfaining oaygm, Inashortpe* 
nod the acid escaped, and the intestine became quite Haccid. 

14. A piece of intestine, similar to that used in the last experiment, was filled with 
oxygen, and suspended in a bell ghiss of cwhamc acii; the tnts^ne began to swdl 
almost immediatdy, and in three mbutes it borst. 

15. The lung of a rabbit was filled with cncygeo, and snspmded in a bell glass of 
carbonic acid ; it began to swell almost instantly, and in one minute it burst. 

16. The of a nibbit was careftdly inflated witli carbonic acid, and was then 
suspended in a bell glass of oxygen, in a very short period it became flaccid, and the 
extonal oxygen was impregnated with carlNmic add. 

Tliese eiqieriments show how admirably the straeture of the longs is adapted Ibr 
the aetion of oxygen on cacbonic add. Vitally may have some share In acodemtinf 
this process in the pohnonary oigans, but we know that by the agency of oxygen 
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dead blood may be changed from venous to arterial, even through a dead mem- 
brane. 

This power wbich gases poMcaa of acting on eadi oilier hin aome reqpeots MmOftr 
to that vhidi takes pbco in fluids and whiob has been desraibed by Botiioghbt 
under the name oi mdomMuis and eaMsmotu, In the experiments detailed by this 
phUowpher the intervening septum is supposed to contribute niat( rially to the phe- 
nomena. In tfie experiments with gases the intervening membrane does not prevent, 
bnt it does not contribute to, the cliang'c. Htit independent of this, the existeuee of 
this power in gases was not known to Dutrochkt until after the fact had been ftilly 
ascertained by others. Mr. Dalton many years ago proved that hydrogen possessed 
the power of penetrating or miidng with carbonic add in opposition to gravity ; that 
tnygen possesses the same property, but in a higher decree, I ascertained in the 
island of St. Thomas in 1827. I afterwards made experiments on a larger scale, in 
1830, at the high rocic of Saratoga, where there is an atmosphere of natural cai-bunic 
acid ; and the result was commnnicated to many physicians in America previously 
to any of the American pnbbcations on tlie subject. 

It is now more than probable that tlie changes which Lavoisier believed to occur 
in the lungs take place in reality in the extreme drcolalion. Some later writers 
have assumed that the dements of carboiuc add esdst in the blood, and that its finr- 
mation commenced in the large vessds as they leave the left side of the heart, and 
was not finally completed until the blood arrives in the right auricle. But ttiat tills 
opinion is erroneous, is evident from the fact, that the blood even in the smallest 
arteries is as completely arterial as tliat in the left Side of the heart, whilst the blood 
in the snmllest veins h equally vemus. 

There is iu the capillary system, over the whole body, an intermediate structure 
wluch connects the arterial with the venons drcnlation, and it is in this structure 
that the blood is changed firom arterial to venous. When the arterial blood leaves 
the minute arteries, it is no longer confined in actual vessels, but in cells that are 
fimned by the surrounding tissue. When this cellular structure is examined in 
living animals, witlv the assistance of a good microscope, minute globules are seen to 
leave the cells and penetrate the surrouudiug solids, whilst other globules are seen 
to return and mix with the blood in the ceils. Now as we know that it is in these 
ceils that the blood beocmies dark and venous fn»n the adifition of carbonic add, 
may we not sni^ose timt the globules which leave the blood are minute particles of 
oxygen, attracted perhaps from the arterial blood by the fixed carbon of the solidh, 
and that the globules wbich return are minute particles of carbonic acid ? This can- 
not be easily proved; but as carbon is a principal in^^redient in the solids when these 
are converted into fluids, previous to their removal by the lymphatics, it a[)j)eai-s to 
mc not improbable that a part of their carbon may be liberated, perhaps tor tlie pur- 
pose of evolving heat. We have seen that the blood which receives oxy^a'n in the 
Inngs passes unchanged through the arteries into the capillary system ; and it is ap> 
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patently tbere that anlinal hnt it enilTed. When carUnnie acid^ wbieb ia die nfoH 
of tbe above process, is added to the venous blood, it not only blackens the colour, 

but renders it incapable of supporting life. For this reason warm-blooded animals 
havr> a double circulation, 000 for drcolatin^ the arterial, and another for punning 

tljc venous blood*. 

When we obtain hcematosine, or tbe colouring matter of tbe blood, in a pure state, 
it is bhdi ; but a Bo]ati<m of any nentnd salt possesses the peculiar property of 
striking a beantiftil scarlet or arterial colour vitb it. When we make an incidoii 

into a clot of blood which bas just coagulated, we find that the clot is then all equally 
red: when we cnt out a thin .sltoe of thi-; red riot, and immerse it in distilled water, 
the salt spnim oozes into the water. In proportion as this takes place the clot be- 
couieti darker ; and wtien tlie whole of the serum is removed, perfectly black. When 
in this state ndther atmospheric air, nor even pure oxygen, is capable of changing 
Its colours but when we immerse this Mack dot in a dear saline aolntion, it in> 
Itantly changes from jet bladt to a SfMiHet, or arterial colour. From these £acts we 
may conclude, that oxygen is a secondary assent in tlie rlKiriL'e of colour from venons 
to arterial; and that if the scarlet colour of the blood be es-st-ntial to life, it is pro- 
duced, not by oxygen, but by another cause. The mere removal uf the carbonic acid 
from venous blood would not produce any change of colour, were it not that there 
is in the blood itself another agent which produces the arterial tint, the moment 
that the blackening effect of the carbonic acid is removed : this is effected by the 
action of the natural saline ingredients of the blood on the colouring matter. When 
oxygen is added to blood it may have a slight share in brightening the colonr, 
but it can only perfectly efiect this when tbe colouring matter is in contact with a 
saline fluid. Oxygen is so &r from bdng the sole cause of the artoial colour, that 
even pure oxygen is of itsel/kneti as acolouring agent ; whilst asaltne floid changes 
the col(Kir of the blood from venous to wterial emu in an aSmospbere of carlMHUc 
acid. 

Many authors describe the changes wiiich occur in respiration, by asserting "that 
oxygen disappears, andx^arbonic acid is emitted." Bat from some of the experimcntt 
which I have detailed, it ia evident that the removal of the add is the first part of 
the process, and the addition of oaqrgen the last Others have muatmned that when 

* It u well known that caM-blooded nunia]* use very litds fbad. U % nttle^nake geta one good meal 
io thrrn mnntlis. it i~ all tliat he n\-jnires : hnt cn>n t!iir< i--* not netwsJly nceefsary ; for I have teen one of ihvae 
■nimwlB that had not tanted food or water for twelve montbs, as plump, active, and Teaoaiaus as thoae in the 
wildatate. On the other haad. dl AoM amiBala that have vana Mood TCqnira ta iamaiae qiwtitj et food, 
and if they do not receive tliii they soon pfrif^h ; ljuf nineteen twentieths of this ai>pearB to be talceii into the 
ayatem for the evolutian of animal heat. Tbe carbon is ultimately derived from the nonriahment that we use, 
md tte oiTgeo ia direedj derived tnm tfie arterial blood; m conataBl luiiply of noariahncnt h d nic fti at 
necessary in warm-blooded animahi, but a very small part of the blood which is formed from tliis ia required 
fbr nuttttiaa, and if th« whole of it wen eacpciMM in tiiiamjr, it is vtrj dear that there would be aone left to 
retonbythe vena. 
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two gua act upon each other, the one penetrates the memhuane at the nme mo- 
ment that the other is removed. Bat if this were the case, why did the membrane 

liecome convex in experiment 10, and concave in experiment 11? If t]ie action were 
equal, tlie metiibrane would nwnain unchanged; but this is so far from being the 
case, that in some expcriiuents the membranes became distended to such an extent 
that they actually burst. 

It was suppoeed hf (^AUiuvzAin, and afterwards by Dr. Edwards, that in the pnv 
ceas of resiMrathm the carhonic acid was merely exhaled from the lungs. We have 
seen, however, that venons blood to retains that acid that it cannot be removed, 
even with the aid of an air-pump ; consequently, were there not an active agent for 
the purpose of removing? the carbonit; acid frmu ilie venous blood as it circulate 
through the lungs, it would rLuiaia unctiunged, ujid almost instantly cause death. 
It is the power which oxygen possesses of attiacling carbonic add, which renders 
oxygen essential to life. As hydrogen also possesses this power, it supports life for a 
longer period than most of the other gases ; but hydrogen has a deleterious effect 
on the blood; and when animals arc forced to breathe it, though the carbonic acid 
i? removed, a part of the hydrogen is at the same time absorbed, which blackens 
tlie blood, and the animals soon die. 

The property whieh oxygeu postenes of attFactiqg carbonic add, fhnuahes the 
following explanation of the process respiration. When the venous blood airives 
in the lungs, the oxygen of the atmosphere is, in the first instance, the active or at- 
tracting agent. It removesi the carhonic acid, which had been the cause of the dark 
colour of the blood. When this is removed, or perhajjs i[i proportion as it is re- 
moved, tlie blood becomes the attracting agent, and a portion of oxygen is attracted 
into the blood, and takes the 'place of the carbonic acid. From the peculiar stmc» 
tore of the lungs, these changes are raiMly effected, particularly at the high temper 
mtvre ef 98° ; and when the process is fully completed, we know from the great 
discovery of Harvey, that the blood which has received the pure ^r paSSeS rapidly 
on to the arterial, and from this again to the capillary system. 

If the above theory be correct, it follows that the blood is converted from arterial 
to venous in the extreme circulation, by the loss of oxygen and the addition of car- 
bonic add ; whilst the venons blood is converted into arterial, by the loss <^ caiboide 
acid, and the addition of oxygen; consequently, the essential difference betwixt venous 
and arterial blood is, that tlie former contains carbonic acid, and the latter oxygen. 

I have said that black is the natural colour of the colouring mutter ; but when this 
agent is diffused in a saline fluid, such as the serum, it is of a bright scarlet tint, 
which is, in feet, the natural colour of arterial blood. When carbonic acid is added 
to this blood in the extreme circulation, it becomes dark red; but wlien this acid is 
removed in the pulmonary organs, the blood then resumes its natural scarlet or 
arterial colour; and this, as I have said, is produced not directly by oxygen, but 
chiefly, il not entirely, by the action of the salts of the blood on the colouring matter. 

2 z 2 
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Oxygen, it is true, diangw the colour from Tenmu to irterial ; tUis, hmrevet, k ef- 
fected not by any ipecific actioa, bat by the removal of Uie cnrbonic acid, which 

had been the cause of the dark COloitr in the venous circulation. 

Many ol)jections have been made to the above theory, some of whirh are frivolous; 
but there are two which are worthy of notice. The first was made by .Mr. Phatkr 
of Edinburgh, who stated, that according to this tlieory the blood ought to bccoaie 
mierial under the exhausted receiver of the air-pump. This objection is removed by 
the foregoing experiments, which peeve tliat the mere rmoval of the aii'lB pressure 
is insufficient to overcome the attraction that subsists lietween t!u ( ai l innic acid and 
thr blood. The second objection was made by Dr. Gregory and Mr. Irvine of Edin- 
burgh. These gentlemen admit that if the blood were a stronger saline fluid than 
it is, the salts would be capable of producing all the effects described ; but they con- 
ceivtt 1^ tiie blood is not sufficiently impregnated with saline matter to account ibr 
tiie iriioie of the phenomena, lliis objection, even if proved, would only require a 
modification of the theory; but that there was a fallacy in their experiments wiueh 
neutralized their conclusion, has been proved by a paper in the Medical Qaiette of 
the 12tb of April, 1834. 
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XX. Ditcooerjf iif f Atf iMStfamofpAonf t» tkt second type qf Me Qrripedefl, viz. ike 
hepeiSm, eui^^eting IA« JVofora/ IBslmy theee smgular AmmaU, mi tan- 
fimm^ ikar t^^ln^ ike Cmstacea. J. V. Thompson, FJL^. Deputy 
Mipecior-Creneral ef MospUab, CommwuaUed Sir Jahbs MAoanara, Bart. 

Received Jaauary 3, — ^Read March 5, 1835. 

The Fourth Memoir, published in my Zoological iiesearches and Illustrations, 
No. III. page 69, &c., having first made known the real nature of the Cirripedes, the 
key of which ranauied concealed in their metamorphosis it might have been expected 
that some nalnraliat laTonrably situated to investigate the oceanic tribe of these 
animals, would have been the first to make the same disooveiy in r^;ard to these, and 
thereby complete their natural history. It was scarcely to be expected that the 
honour of this discovery also should be reserved f*>r the author, fixed to one spot, 
where none of them naturally exist, and are but casually thrown upon our shores by 
the waves of the Atlantic, attached to pieces of wreck, or brought into port fixed to 
tlie bottonts of ships retonung from distant voyages. Fortunately, however, two 
ships of this description came into thte harbour (Cork), one from the Mediterranean, 
the other from North America, whidi, not tidng dieathed with copper, had their bot- 
toms literally covered with Barnacles of the three genera of Lepas, C!iMraf,and Otion; 
and having persons employed expressly for the purpose, numbers of these were broiiirVit 
alive in sea water, amongst which were many with the ova in various stages of their 
progress, and some ready to hatch, which they eventually did in prodigious numbers, 
so as to enable him to add the proof of thdr being, like the Balani, ntUatory Crusta- 
cea m theh'^H Hage, but of a totally iKIferent fhdes and stractare j a cncnmstanoe 
which determines the propriety <^ the separation of the CSrripeia into two tribes, 
and evinces the sagacity of Mr. MacLbay in being the first to indicate that these two 
tribes, the Balani and Lepades, were not so closely related as generally supposed *. 

The larvse of the Bafani, (lcs(rribed in Memoir IV. under the external appearance 
of the bivalve Monoculi (Astra( nda) a pair of pedunculated eyes, more numerous 
and more completely developed members, approximating to those of Cyclops, and of 
the perfect Triion % while, in the present type, or Lepades, the larva resembles some* 
what that of the QrcA^w, which Mviutn, mistaking for a pnfect animal, named Am^ 
stone, and which can be shown to be common to a great many of the BniomUraeai 

* See Hone Entomoloipte. 



Digitized by Google 



856 



MR. TH0HF80K ON THB HBTAIIORPHOSIS 



m the resemblance ie skill more stdkitig to thai of the Argulus Armiger of Lathbilu, 
which, in Ihct, is bnt an Arngmmte Aumished with a tricaspidate shield at the 

back. 

The genus C/»CT-f7T was the first in whicli tlic latTfP were observed to hatch, July 27, 
three days after the arrival of the ship ; then in Lepas aiisn-ifna, August 19; and a 
few days later in Lepas detUata ; in all of which there is a perfect accordance, with 
very slight diflerencee, which probftbly lesolted from the mcne less perfect develop- 
nent of the larva. The very remarkable and beautiM one ittLepa* ameriftn may 
be regarded as the perfect type to which all the others Ere to be referred (fig. 5.). 

In the whole of this tribe of tlie Cirripedes, the ova, after expulsion from tlie ova- 
riiim, appear to be conveyed by the ovipositor into the cellular texture of the ptdicle, 
just beneath the body of the animal, which they fill to the distance of about an 
inch. When first pbu»d in this situation they seem to lie amorphous, and inseparable 
firom the pnlpy aubstaaee In which they are imbedded » but as they epproodi to roa- 
turity, they become of an oval shiqN^ pointed at both ends, and are easily detached. 
Sir EvEUARD IIoMK lias <ri\en a very good representation of them, at this stage of 
their progress, in his Lectures on Comparative Anatomy, from the elegant pencil of 
Mr. Baubb. 

Daring the stay the ova in the pedide, they render this part more opake, and of 
a blndsh tint t the ova themsdves, and the cellular texture with which th^ are snr- 
rottBlled, b^og of a pale or a;;ure blue colour. It is difficult to conceive in what 

manner the ova are extricated from the situation above indicated; but it is certainly 
not by tlie means suggested by Sir Evfrakd Home in the above-mentioned Lecture, 
viz. by piercing outwards through the meuibruiie^ of the pedicle, for the ova are sub- 
sequently found forming a pair of leaf-like expanrions, placed between either side of 
the body of the animal and the luting membrane of the shells in Lepiu (fig. 1.), or of die 
leathery internal tunic in Cineras. These leaves have each a separate attachment at 
the sides of the animal to the septum, whieh divides tlie cavity occupied by the 
animal from that of the pedicle : they are at first comparatively small, have a rounded 
outline, and possess the same blneisb colour which the ova bad in the pedicle ; but 
as the ova advance in progress these leaves extend in every dimension, and lap over 
each other on the back, passing through various lighter shades of colour into pale 
pink, and finally, when ready to hatch, become nearly white [fig. 2.)- These leaves 
appear to be composed of a layer of ova irre-^uhu ly placed, and imbedded in a kind 
of parenchymatous texture, out of which they readily fail when about to hatch, on 
its snbstaaoe being torn asunder \ indeed, it appears at length to beeome so tender as 
to faD entirely away, so that after the period of gestation is past, no vest^ of these 
leafy conceptacles is to be found. 

When the larva?, barely visible to the naked eye, hm-st forth from the ova, their 
development goes on with such rapidity that they scf^ni to grow sensibly while under 
observation. These changes have been depicted iu Cineras at tigg. a. 7. & 8., which 
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last probably did not possess sufficient vitality to pass into the next stage, such as 
ire see that f^Lipag anseri/era (fig. 5.). 
Tint larva of the Lqmdaj then, is a tailed Monocuhu, with three pdis of memben, 

the most anterior of which are simple, the others bifid, having its back covered byan 
ample shield, terminating anteriorly in two extended horns, and posteriorly in a 
single elongated spinous process*. 

It must ever remain uncertain how long the larvae of the Lepades remain in their 
first or free static bnt it is probably for a longer or shorter period of time, according 
as they sooner or later meet with u substance adapted to their respective habits : 
thus, those of the Lepas fascicularis iittach themselves in preference to Gnlf-weed 
or floating Fuci ; Lepas minima to slender species of Antipathes ; Lepas aiiserifera'^ 
and dentata, Cineras vittaitus, and OiioHf to the bottoms of ships i Lepas anatiferaX to 
Aiating timber, and to oiw anotbert while Lepas nilaU» wewm to [Hcfor the backs of 
Turtles and the shell of the Imitkma : the species, however, have not been suAciently 
diecriminated, nor observations of this kind made with the requisite care, to enable 
us to prosecute further this part of their natural historj'. It is evident tliat they 
possess locomotive powei-s which enable them at every instant to change their situa- 
tion, and a conspicuous eye to guide them in tlieir choice. 

Hiese remarkable and Important discoveries, connected as they are with those re- 
lating to the Cru$iaeea^t complete the natural history of this tribe, and lead us to 
the following important results, viz. 

I. Tliat the Cirripedes do not eonstitute a di.stincf cfms of animals, as tliey have 
been considered by all late naturalists, Dr. Leach, Latrbillb, Lamarck, Cuviek, &c,, 
being connected with the Crustacea decapoda through the Balanif and with the £n- 
ittmosinea by means of the Lq^ada, 

II. That they have no rehtion or affinity whatever with the Tettaeea, as snppoeed 
by LiNNiEus and all the older systematists. 

III. That the C/v/ v/ff era now therefore furnish examples of a class in which we have 
animals free and lixed, with eyes and eyeless, and with the sexes separated in &onie 
and united In others, all of which are characters to whidi naturalists have attached 
the greatest importance as r^ards cbusifiealion. 

IV. Tliat the proof of metamorphosis being Mly and satisfactorily estabSshed, tends 
still to maintain the affinity so lonf^ reco<rn!sed between the Crmtacea and Inspcfa. 

Noie^ — Tiie same economy in regard to the disposal of the ova has been observed 
in Otion, but hitherto no individual has been found with the ova on the point of 
hatching. 

* Compaic with the larva of Artemit (Briae Shrimp). Zoological Reaeaxchet, No. v. FUtc U. f, 7, 8. (here* 

Wifll MOt). 

t Plilloaophical TVansactions, vol. i. Plate sxxiv. fig. 5. 
; PhUoaopliiail TnaMOaam, vol. i. Plate uxit. fig. 6. 
% ZookgiGd BcMwdied, Memoir L wd Addends, p. 6S. 
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PLAT£ 

Fig. 1. Lepas anseri/era, opened from behind to show the first stage of the leaf-like 
conceptadcs of the ova (m). 
a. Animal, 
o. Ovipositor. 

I'. Valves. I 
p. Pedirlo. 

Fig. 2. Another individual, htiowin? the ronreptacles in an advanced stage, Um 

right couccptaclc being turned back (m). 
Fig. a. A portion of the oonceptacle magnified. 
Fig. 4. An ovum ready to hatch. 

Fig. S. Ftally developed larva of Leptu anserifera, viewed in front, lughly niagnfiel 

Fig. 6. Larva of Churas vittatu.s, just exclttded from the ovum. i 

Fi^. / . The same more developed. 

Fig. 8. The fully developed larva of the same, viewed in front and highly mag- 
nified. I 



Digitized by Google 




Digitized by Coogle 



[ 359 ] 



XXI. Ok ike DoiMe Meiamorpkorii m the Decapodam Crattiiceii, exempted ht 
CKDcer Mkiuw, Lmmw, J. V. Taomfamtf FJJS, D^mfy Ai^eetor-Gmeral ^ 
Bo^Hali. Qmummcated ftjf ^ Jambb Macoxiooi^ JBorf . MJ>. FJtS, 

l UaeW t d Ibj 91.— Raad Jnw 4. 18S6. 

In the Memoir pnbUsbed in my Zoolo|poBl ReseBrehea, p. Ij with its sequel, p. 63, 
having first made known the fact of rVir Braclnfurm of the Ihcepoda (Crabs) passing 

through the intermediate form of Zocu ; I have now to announce that they undergo 
another metauiorphope, no less singular and unlooked for, in which they assume the 
form of the genus designated by the name of Megahipa by Dr. Leach, from the dis- 
proportionate size of the eyes. Ttiis second stage we may therefore consider analo- 
gous to that of pupa in llie dais ^uecta. 

By the former memoir It appears that the jwsng of Cemeer Pagtuw, the common 
market Crab, first presents Itself as a Zoe*, and that a Ibll-grown Zoe was observed 
passing into some other more perfect form'f', which at that time was oomidered to 
be that of some species of Crab: the discovery now first detailed, however, riiows 
that it must have been only passing into that of a Mcgalope. 

The first proof I had of this new and extraordinary fact, wliich cancels another 
anontalotis genus of the CrwtaceOf was obtained by keeping in regularly renewed sea- 
water a nomber of indlvldnals of a Mt^tthpeX which makes its appearance in the 
fiver Iice, jnst below the city of Corlc, in oonHideiable abundance evety summer: 
these, to my very great surprise, began, after a short time, to change into a mi- 
nute Crab until the whole of them, to the amount of about two dozen, were so 
metamorphosed. I have frequently since observed the same circumstance, and rame 
to the conclusion that these must be the progeny of the only Crab that is ever louud 
in tlie higher parts of the river, where these Megalopw were taken, viz. Carvinus Mieiutjs, 
our commcm Shore Grab. The young Crab, it iHU be noticed, has not the distinctive 
characters of its parent, wbidi it probably acquires only after several casts of its 
shelly covering. 

To complete the series of metamorphoses in this species of Crab now became a 
matter of research ; and I have been so fortunate as to succeed in hatching its mature 
spawn, so as to be enabled to give a representation of its Zoe )|, or first stage, and 
thereby render complete its natural history. In this stage it does not appear to differ 
materially from that of Cancer Pagurus, formerly figured in Zoological Researches 

• Pages 9 and 64. t P^S* 8. i Fig. 2. } 6. 11 Fig. I. [ • • 
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n. vm. 1. It ifl, however, certainly much smaller, and of a greenish tinge, mth 
a tew darker spots. 

If the above facts do not warnmt the condorion I have drawn, what other proof 

can be required ? Is it necessary that the young Crab should be traced throngh its 
Kubsequent changes until tlie character of the species becomes more apparent r or 
that the grown Zoe should be actually seen to change into a Megabpe} Neither of 
these is hnpnicUoaUej but may yet for a kog time elude the most sealous and scru- 
thiizing obaervers. 

It appears, then, that the animals of this division of the Orv9t9cea not only undergo 
nietaiuorphosis, formerly stated, but that tliey even iindcrg-o a double metamor- 
phosis, being hatched from the ovu under the sin;,nilar and {grotesque form of Ztwa, 
then assume that of Megahpie, and finally that of their parent Crab. How long they 
remain in each of these two imennedMlie states it may be dilBenlt to delemune with 
exactitode ; but judging from the very considerabks sixe of the Zoe I observed about 
changing its condition*, compared with their very minute size ulicn first hatched) 
and also from Megalopcp not appearing before May or June, while Zuea are seen so 
early a> March and April, I lliink a month may be assigned as the probable duration 
uf the Zw stage. The other, or Alegalope stage, is less within the scope of observa- 
tion} but as there is not that very great disparity of aise be t w ee n young and full- 
grown Megakpae, it is likely thai it does not exceed hatf that of the former. 

If further proof of this double metamorphosis be desired, I have been so foi-tunate 
as to trace it, but not in quite so satisfactory a manner, in one of the Swiniming Crabs, 
or Portuni, and also in Inachiis, beloniririf; to the section of Triann'iilar Crnl»«. These 
examples, derived from some uf tlie principiil groups of the Brachyiira, may be sup- 
posed quite soffident to satisfy the most scrupulous, as to their metamorphosis ; I 
propose, however, in fiiture memoirs, to bring under the notice of the yet sceptical, 
proofs of the same thing in the following genera, ^Z. Eriphia, Thelphusa, Gegarcinm^ 
and Pinnotheres The three former geneni, it may be observed, are foreign, which 
friends in the Ea«t and West Indies have enabled me to add to the first proofs of 
metamorphosis, by having females witli ova on the point of butcliing, seat liome in 
sprits : tlie larvee of thcs^ eoi^eqnently, itave not been seen in tlie living state; but 
by examining such as have burst fiwm tlidr envelopes, without being completely de> 
veIoi>ed, it is quite evident that they are Zoca. 

WiXh regard to the other great division of the Decapoda, viz. the Macroura, or 
those with ixtended tails, I shall only now say, that as far as my observations have 
gone they ai»o undergo metamorphosis, being I^izopoda when first hatched, and 
during tlie wliole of their progress to tile perfioet animal ; such is the case in Attaatg 

JRnlbtMnM^ Pakemm Sfidtta, Orm^, Gnla^tat Pagunu, and PoneUma. n 

To return to the immediate subject of the present memoir, the Carcinux Mamas. 
In its first or Zoe stage it is wholly natatory from structure, while in its second it 

* Zoological Reieudiet, p. 8. f Has hu ainoe been pttblialwd ia the EatMuoki^cal M agazi ne . 
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occasionally walks by means of its thoracic members, now become simple, but more 
commonly swims by the modou of its subabdominal iius, wliicli are greatly developed 
for this purpose*. Id both stages it is therefore a MacrottrOf but only in the ktter 
evidently rdated to the Deaqtoda, 

It will be quite supMfluous to enter into a miniite detail of the structure of dus 
Megalope, further than may be collected by a reference to the figure and its aooom- 
panying- explanation. 

It muat certainly be considereii eiurpriiving tliat su many curious facts should have 
remained until the present time undiscoTered s but still more^ thnt fiiom tlie fint 
announcement of nietamorphoms no person has attempted to follovr it up j so that I 
have not only the honour of the discovery, but also the entire merit of having ren- 
dered this interesting part of the natural history nf the Crustacea nearly ( oiTinlete, 
as the announcements in the previous part of this memoir testify, and my sub«)e<j[ueut 
memoirs will prove. 

Hie fiEu^ connected with the metamorphosis in the Oruiaeea and the CSn^jtede* 
are indeed so much at variance mth our prenous knowledge vnth tlie dicta of some 
of our leading naturalists, and of so very extraordinary a nature, that the scepticism 
wliirli still exists with regnrtl to them may admit of some excuse. The approaching 
bmiiim r I hope will put it in my power to remuvu all doubts upon the subject, by 
submitting such of them as oHfer themselves to the scmtiny of olAer tAtavers, a cir- 
eomstance which never ooeurred to me as necessary beyond the circle of my own 
family; had there beat any zoolo^^ists in my nciglibourhood the case would have 
been diAreat, but in reqpect of this branch of science I here unfortunately stand 
alone. 

Whatever indifference may be charged to our own zoologists in regard to these 
important discoveries, we must do onr sdentific neighbours the Frendi the jnstice of 
noCbig, that they immediately took up the subject, and two naturalists were selected 
and deputed to spend a summer at Isle R^, to make their observations. However, / . / ^ . - 
by a subsequent report of one of tht se gentlemen, M. Milnb-Edwards, to the French - ' ' 
Institute, it appears that so far from vL rifying the metamorphosis in Crustacea, he , " 
pronounced that tliey were batclicd with the form and structure of their adult ,a.', . . 
parent! The observations upon which this decision was based I have not seen A.. ^ 
stated ; but whatever they may have been, they are completely invalidated by the ; ^ 
pontive proofs I have given and enumerated in the present memoir. ' 

The animals of this class are so recondite in their habits, so difficult to preserve 
alive for any time, so little known to naturalists beyond the more common species, 
that the investigation is necessarily attended with great difficulty and frequent dis- 
appomtment. It must he allowed tiiat I have been pecoliady fbrtnnate s and I am 
so sensible of the obHgation I owe to that Source from whence springs all our 

•Flg-S. 
S a2 
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knowledge and intelligeace, that I hasten to acquit inyiielf of so sacred and valuable 
a trust with all the ability I am yet permitted to retain. 

PLATE 

Fig, 1. Zoe of Carcinus MaiuUt niBgnified, and also of its natural idle. 
Fig. 2. Megalope of the same, magtiified, and also of its natural size. The termi- 
nations of three pair of the subabdomiiial fins are only seen in the figure. 
Fig. 3. One of its subabdominal fins more highly uiagnificd. 
Fig. 4. The pcwterior pair offing magnified. 
Fig. 5. One of its inner antouue, highly magnified. 

Fig. 6. The Young Crab, resolting from the above Megalopef magnified, and alao 
of its natural sixe. 
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